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CHAP. I. 


T, be Deſcription, the miking, and the generall v[e 
of theSetfor. | 

Seftor in Geometric , 1s a figure com- 
prehended of rwo right lines contain- 
ing an angle at the center, and of the 

| <ircumterence alſumed by | chem. This 


= VL containing all y arictic of angles, & iP. 

diſtarice of che feete, repreſenting the 

fabrenſes of the circumference, is therefore called by the 
fame name. 

Tr containeth 12 fenerall lines or ſcales, of which 7 are 
generall,the others more particular. The firſt is rhe ſcale 
of Lines diuided into 1200 equall parts, and numbred by | 
4. 2.3.4. 5.6.7. 3.9. 10. 

The ſecond, the lines 8f Smperficies diuided into 100 

vncquall 


2 The deſcription of the Lines, 
vnequall parts, and numbred by 1. 1.2. 3.4.5.6. 7.8. 


. 10, 
£ Thethird, the lines of Solids, diuided into 1000 vne- 
qual parts, &c numbred by 1. 1. 1.2. 3.4.5.6. 7.8.9.10. 

The fourth, the lines of Sizes and Chords diuided into 
yo degrees, and numbred with 10. 20. zo. vnto 90, 

Theſe foure lines of Lines, of Saper ficies, of Solids, and 
of Sines, are all drawne from the center of the Sefor al- 
moſt tothe end of the legs. They are drawne on both the 
legs, that euery line may have his fellow. All of them are 
of one length, that rhey may anſwere one to the other. 
And cuery one hath his my" chat the eye may the 
better diſtinguiſh the diviſions. But of the parallels thoſe 
onely which are inward moſt containe the true diuiſjons. 
| There aretbree other generall lines, which becauſe 
they are infinite are ron on the (ide of the Seer, The 
firſt a line of Tangents, numbred with 10. 20. 30. 40. 50. 
60. ſignifying ſo many degrees from the beginning of 
the line,of which 45 are equall to the whole line of Sines, 
the reſt follow as the len of the Seftoy will beare. 

The ſecond, a line of Secants, diuided by pricks into 
60 degrees, whoſe beginning is the ſame, with thar of 
the line of Taxgents,to which it is itoyned. 

The third, is the Aeridies line, or line,gf Rembs, diui- 
ded vnequally into degrees, of which theirlt 70 are al- 
moſt equall ro the whole line of Sizes, the reſt follow vn- 
to 84 according to the length of the Seffor, 

Of the particular lines inſerted among the generall, 
becauſe there was voydſpace,the firit are Getine of ua- 
dratwre placed betweene the lines of Sines, and noted 
with 10. 9.8. 7.8.6. 5. 90..9. 

The ſecond, the lines of Segmentr placed betweene the 
tines of Sines and Swperficies divided into 5O parts, and 
numbered.wirh $. 6. 7: 8. 9. 10. 

The third,the lines of Inſcribed bodies in the ſame Sphere, 
placed berweene the ſcales of Zywes, and noted:with D. S. 
LEST. 

The 


The making, of the Seftor. 3 


Thefourth, the lines of Eqsuated bedies,placed between 
chelines of Lines and Solids, andnoted with D.1.C.S.0.T, 

The fift, are the lines of Merralls, inſerted with the 
lines of Equated bedies (there being roome ſufficient)and 
noted with theſe Characters. ©. YT h ».2. 4 Þ. 

There remaine the edges of the Settor, and on the one 
I haue ſet a line of Inches, which arethe twelth parts 
of afoote Englith : on the other a leſler line of Tangents, 
to which the Gnomes is Redins, 


2 Of the making of the Seftor, 


T Eta Ruler be firſt made either of bratfle or of wood, 
like vnto the former figure, which may open and 
ſhut vpon his center. The head of it may be abour the 
ewelth part of the whole length, that it may beare the 
moueable foote, and yet the moſt part of the diuifions 
may fall without it,, Then leta moueable Gnomon be {et 
arthe end of the moucable foore, and there turne vpon 
an ext, ſo as it may ſometime ſtand ata right angle 
with the feere,and ſometimes be incloſed within the feet, 
But this is well knowne tothe workeman. 

For drawing of the lines.Vpon the center of the Sefor, 
and ſemidiameter ſomewhat ſhorter then one of the feer, 
draw an occult arke of a circle, croſſing the cloſure of the 
inward edges of the Sectoy about the letter T. . 

In this arke, at one degree on either (ide from the edge, 
 drawright linesfrom ho Center,fitting them with Paral- 
lels and diuidethem into an hundred equall parts, with 
ſubdivifions mto 2.5.0r 10, as the line will bearc, bur lct 
the numbersſet to them), be onely 1.2.3.4.&c.vnto 10. as 
in the example. Theſe linesſo divided, I call the lines 

or ſcales of Lines, and they are the ground of all the reſt, 
Inthis Arke at 5 degrees on _—_ ſide, from the edge 
neere 7, drawe other right lines from the Center, and fit 
them with Parallells, Theſe ſhall ſerue for. the lines of 

Solids, | | 

B 2 Then 


The inſcription of the lines. | 

Then on the other ſide of the Sefor in like manner, 
vpon the Center & equall Semidiameter,drawe another 
like Arke of a circle : & heere againe at one merry degree 
on either ſide fr6 the edge neere rhe letter ® draw right 
lines from the Center,and fit them with parallells, Theſe 
ſhall ſerue for the lines of Sines. 

At 5 Degrees on- either ſide from the edge neere 2_ 
drawe other right lines from the center,and ft them with 
parallels: theſe ſhall ſerue for the lines of Swperficies. 

Theſe fonre principall lines being drawne, and fitted 
with parallels, we may drawe other lines in the middle 
berweene the edges and the lines of Lines, which ſhall 


Tat arnniatin,” 


ſerue for the l:nes of inſcribed bodies, and others betweene 
the edges and the Sines for the lines of quadrature, Andie 


the rett.as in the example. 


3 Toaimiacthe lines of Superfictes. 


QEcng like Swperficies doe hold in the proportion of 
their bomologall (ides duplicated, by the 29 Pro, & lib. 
Exclid.If you thall find meane proportionals between the 
whole (ide,and cach hundred part ef the like (ide, by the 
13 Pro.6 lib, Exclid.all of them cutting the ſame line,that 
line fo cutſhal conteine the diviſions required. wherefore 
vpon the center A and Semidiamiter equall ro the line of 
Lmes, delcribe a Semicircle A C B D,with A B perpendi- 
cujar to the diameter C D. And let the Semidiameter AD 
be divided as the line of Lives into an hundred parts,& A 
E the one haltc of AC diuided allo into an hundred parts, 
ſo ſhall the ditions in AE be the centers from ny ant 
you ſhall deſcribe the Semicireles C 19.. C 20. C 30. &c. 
diuiding the 1m A B into an hundred vncquall parts: and 
this line A B ſo diuided ſhall be the line of Swperficies, and 
mult be transferred into the Sector, Butler the numbers 
ſet rothem be onely 1, 1. 2,3, vnto 10,45 in the example, 
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The inſcription of the lines. # 


4. To dinide the lines of Solids. 
QE"s like Solids do hold n the proportion of cheir hs- 


wmologall ſides triplicated, if you ſhall finde two meane 
proportionalls between the whole fide & each thouſand 
par: of the like ſide : all of them cutting the ſame two 
right lines, the former of thofe lines ſo cur,ſhall.containe- 
the diuiſions required, 

Wherefore vpon the center A & Semidiameter equall 
to the linc of Lixes. deſcribe a circle and diuide it into 4 
equall partsC E B D,drawing the crolle diamerers C B, E 
D.Then diuide the {emidiameter A C,firit into 10 equall 
parts, and berweene the whole line A D & A F the tenth 
part of A C,ſecke out two meane proportionall lines AF 
and A H. againe betweene A D and AG being two 
tenth parts of A C, ſeeke out two: meane proportionals 
AL and AK, and fo forward in the reſt. So ſhall the line 
A B be diuided unto 16 ynequall parts, | 
Ne = B3. *'- Sccondly 


The inſcription of the tines, 


Secondly, diuide each tenth part of the line FC ints | 
Fo more, and betweene the whole line A D, and each of 
them, ſecke out two-meane proportionalls as before : So 
ſhall cheline FB be dmided now into an hundred yn- 
equall parts. 

Thirdly, Tf the length will bearc it,ſubdiuide the'line 
'AC once againe,each part into ten more: and berweene Y, 
the whole line AD and cach ſubdiuiſion, ſecke rwo 
, meane 


The inſirip ries of the lines, i 
meine proportionalls as before. So ſhould the line 4 B 
be now diuided into Tooo parts, But the ruler being 
Hort, ic ſhall ſuffice, if thoſe xo. which'are neareſt the 
center be expretſed, the reſt be ynderſtood to be ſo diui« 
ded, though aually they be diuided into no more then 
g or3. and this line AB fo diuided ſhall be the line of 
Solids,and muſt betransferred into the Sector 2 But let the 
numbersſer to them be vonely 1. 1, 1, 2. 3, &c. vnto 10. as 
in the example. 


5s Todinidethe lints of Sines and Tangents os the 
| ſide of the SeiFor. | | 


Wa the center A, and ſemidiameter equall tro:the 
line of Lives, deſcribe a ſemicircle 4 B C D, with. 
B, perpendicular to the diameter C D. Then diuide the 
quadrants C B, BD, each ofthem into go. and ſubdiuide 
each degree into 2/parts: For ſo,if ſtreight lines be drawne 
parallell tro the diameter C D,through theſe 90,and their 
ſubdiuiſions they ſhall diuide the perpendicular oF B 
vaequally-into go, 


8 The i»ſoriptianioſebe Kat 


Andthifline A B fodmided ſhall be the line of $5wes; 
andmudt be transfertedintothe.Soior, The numbers (ct 
eo themrarc tobe 20.20; go. Ker. Yo. go/ as inthe exams 


If now.in the poynt D, vnto the diameter C D, we 
ſhall raiſe a perpendroukar D E, and to it drawe ſtreighe 
linesftom the cemter through each degree:of the qua-» 
drant DB.This gerpendicular {0 dinided:/by chem ſhall be 
the line of Texgents, & muſt be transferred ynto the lide 
of the Seftor. The numbers ſetro them,are to be 10. 20. 
30. &c/asmehe.example. + 

If berwcene A and N, atother 5 57 lneGF, be 


drawne parallell to D E, it will be dwuided by thoſe lines 


from the 'cencer-ar like: ſort as:D E. is druided, and it may 
ſerue for a leſſer line of Taxgents, to be ſer on theedgeof 
the Settor. | 

Theſe lines of Smet and Tawngents,may yet ocherwiſe be 
transfered into the Sefor our of the line of Lines, ( or ra- 
ther out of adiagonall Scale equall co the line of Lixes)by 
cables of Sines and Tangents. In like manner may the 
lines of Smperficies , be transferred by tables of ſquare 
rootes;and the line of Solids , by tables of cubique rootes: 
which I leave to othersto extract ar leaſure. 


6 To ſpew the ground of the Seftor. 


* EtAB, AC, repreſentthe leggs of the Sefor: then 
ſexezing theſe two AB, AC, are cquall, and their 
ſeftions A D, AE, alſo equall, they ſhall be cur proporti- 
onally : andif we draw the lines B C, DE, they will be 
parallell by the ſecond Pro. 6 lib. of Exclid, andſo the 
Triangles AB C, A DE, ſhalbe equiangle ; by reaſon 
of the common angleat A, and the equall angles at che 
baſe, and therefore ſhall haue the ſides proportionall a- 
bout thoſe cquall angles, by the 4 Pro. 6 lib. of Sage 
| Thc 


Thy gr00n4 of the Setter? 


The ſide A D, ſhalbe to the ſide A B, as the baſis D E, 
vnto the parallell baſis BC, and by conuerſion A B, ſhall 
be vnto A D, as B C,vnto D E: andby permutation A 
D, ſhall be vnto D E, as A B,to B C.&c. Sothatif AD, 
be the fourth parr of the (ide A B, then D E, ſhall alſo be 
the fourth partof his parallell baſis ÞC, The like reaſon 
holdeth in all other ſeions. 


7 Tojhew thegenerall vſt ofthe Setter, 
"FE Here may ſome cocluſjons be wrought by the SeFor, 


even then when it is ſhut, by reaſon that the lines are 
all of one length : bur generally the vſe hereof conſiſts in 
che ſolution of the Golden rale, where three lines bein 
giuen of a known denominaton, a fourth proportionall 1s 
ro befound., And this ſolution 1s diverſe in regard both of 
the liner, and of the entrance into the worke. 

The ſolution in regard of the {mes is ſometimes ſimple, 
as when the worke is begun and enced vpon the ſame 
lixes. Sometimes it is compound, as when 1t is begun on 
one kind of hwes,and andel on another. It may be begun 
vpon the lines of Lines;& finiſhed _ the lines of Swper- 
ficres. It may begin on the Sives, and end on the Nag 

C The 


to  Thegeverdl'ofe of hiSetter. 

The ſolution in regard of the entraxce into the worke, 
may be either with a paralel or cle laterall on the (ide of 
the Seor,I cal it parallel entrance,or entring with a paral- 
Jell, when rhe two lines of the firſt denomination are ap- 
plicd in the parallells,and the third line,and that which is 
ſought for,are on thelide of the Settor. I call it lateral en- 

- Iravee, orentring on the {ide of the Seftor, when the ewo 
lines of the firſt denomination are one nigh of 'the Se- 


for, and the third line and that which 1s tq/be found out, 
doc ſtand in the, parallells. 
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Asfor exampleſ6 there be giuen three lines A,B,C,to' 
which I am to finda fourth proportionall.let A,meaſured 
in the line of /mes, be 40, B5o, and C6o, andſuppoſe 
the queſtion be this. If 40 TMomhes giue 50 pounds,what 
ſhal 60? Here arc lines of two denominati6s,one of wonths, 
another of pounds, and the firſt with which I am to enter 
muſt be that of 40 werthes. If chen I would enter with 4 
parallell, firſt I þ A, the line of 40, and put it ouer as a 
pardllell jn go,reckoned in the line of /ines,on either (ide of 
the Seftor trom the center, ſo as it may be the Baſe of an 
Iſoſcheles triangle B A C,whoſe ſides A B, A C are cqual 
to B, the line of the ſecond denomination. 

Then the Sefor being thus opened, I take C the line 
of 60, betweene the feere of the compaſlles, and carrying 
them paratell to B C,I findethem to crotle the lines A B, 
A C,on the ſide of the Seer in D and E, numbred with 
75, Wherefore 1 conclude the line A D, or A E, is the 
fourth proportionall and the correſpondent number 75 
which was required. | 

Bur if I would exter on the ſide of the Seftor,then would 
I diſpoſe the lines of the firſt denomination A and C,in 
the linc of Lines, on. both ſides of the Seftor,in A B,A C, 
&inAD, AE, {oas they ſhould all meete jn the center 
A,and then taking C the lme of the ſecond denominari- 
on wa it oucr as aparallell in B C,thatitmay be the Baſis 
of the 1/oſcheles triangle B A C, whoſe ſides A B,A C, 
are equall co A, the firſt line of the firſt denomination, 
for ſo the Seftor being thus opened, the other parallell 
from D to E, ſhall be S. fourch proportionall whichawas 
required,and if it be meaſured with the other lines,it ſhal 
be 75,as before. 

In both theſe manner of operations, the two firſt lines 
do {erue to opE the SeFor ro his dueangle, the difference 
berweene them is eſpecially this, that in perallell entrance, 
the two lines of the firſt denomination, are placed in the 
parallells B C,D E,& in /atterall entrance they are placed 
on both ſides of the Seftor, in A BBA DBandmA CAE. 

« "S as ' Now 
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Now in a > which is begun and ended,vpon 
the ſame kinde of lines,it 1s allone which of the two latter 
lines be put in the ſec6d or third places. As in our exiple 
we may ſay,as 40 are to 50, ſoo vnto 75,o0r elſe as 4o-are 
to 6o, ſo govnto 75. And hence it cometh that we may 
enter boch with a parrallell,& on the ſides two manner of 
Ways at cher cntrance,and ſo the moſt part of queſtions , 
may 


a 


; 
« 


The wpſe of the live of Lines. 13 
may be wrought 4 ſcuerall wayes, though in the propo- 
ſicions following , I mention onely that which is moſt 
conuenient. Thus much for the generall ſe of the Sefex, 
which being conſidered and w_ vnderſfood;there is no- 
thing hard in that which followeth. | 


CHAP. II 


The roſe of the Scale of Lines. 


x; To ſet downe 4 Line, reſembling any giues parts 
or fraction of parts. 


"FR lines of Lives are diuided aQually into 100 parts, 


but we haue put onely 10 numbers to them. Theſe 

we would haue to ſignifie either themſelues alone, or 
ten times themſelues,or an hundred times themſelues,or 
a thouſand times themſelues, as the maccer ſhall require. 
As if the numbers giuen be no more then 10, then we 
may thinke the lines onely diuided into 10-parts accor- 
ding to the numbersſet ro them. Ifchey bemore then 
zo, andnot more then 100, then either line ſhall con- 
taine 100 parts, and the numbersſet by them ſhall be in 
value 10. 20. 30. &c. as they are diuided actually, If yer 
they be more then 100, then cuery part muſt be thought 
to be divided into 10, and either line ſhall be 1000 parts, 
and the numbers ſect. tothem ſhall be in value 100. 200, 
oo, and ſo forward ſtill increaling*rhemfelues by ro. 
his being preſuppoſed, we may number the parts and 
fration of parts giuen in the line of /ines; and taking 


out the diſtance with a paire of compatles, ſet it by, - for 


theline ſo taken ſhall reſemble the number gmen, 
In this manner may we ſetdowne aline reſembling 
75, if either we take 75 out of the hundred parts, into 
which one of the line of /mes is aftually diuided,and note 
it in A,or 72. of the firſt ro parts, and note it in B,or one- 
ly 2. of one of thoſe hundred = and note jt in C, Or 
TY hs 
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I4 The oft ' of the line of Lines. 

if this be either to great or to'ſmall, we may run a Scale 
ar pleaſure, by opening the compalle ro ſome ſmall di- 
ſtance, andrunning it ten times ouer,” then opening the 
compalle to theſe ten, run'them ouer nine times more,6c 
ſer 6gures to them as in this example, and our of this we 
may cake what parts we will as before. 

To this end I have diuidedthe hne of inches on the 
edge of the Seftor, ſo as one inch contamncth 8 parts, ano- 
ther 9, another 10, &c. according as they are hgured,and 
as they are diſtant from the other end of the Settor,that to 
we might hauethe better eſtimate. 


2 Toencreaſe aline in a giuen proportion, 
3 To diminiſh alineinaginen proportion. 


A= ke the line giuen with a paire of compaſles, and 
open the Sector, ſo as the feete ofthe compalles may 
ſtand 1n the points of the number giuen, then keeping 
the Sector at this angle,the parallell diſtance of the points 
ofthe number required,ſhall giue the line mented 


A EF F + —1 
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Let A, bea line giuen to be micreaſed in the proporti- 
on of 3 to 5, Firſt I rake the line 4, with the compalles, 
and open the Sefor till I may pur it ouer in the poynts 
of 3 and 3, fo the parallell beeweene the poynts o; & 5, 
doth giue me the line B,which was required. 

Itz like manner,if Z,bea line giuen to be diminiſhedin 
the proportis of 5 to 3,I take the line B & to it oper.the 
Seftor 1n the poynts of 5, ſo the parallell berweene the 
points of 3,doth giue me the line A, which wasrequired, 

If this manner of worke doth not ſuffice, we may mul- 
tiplic or diuide the numbers ginen by 2, or 2, or 3, &c, 
And ſo worke by their numbers equimmltiphces, as for 3 

and 


and 5, wee may. open tic Sector in Gand 10, orelſe in 9 
and 15,orelle in 12.ang 20, or in 15 and25,0r in18 and 


30. &c. 


Theſe few of Lines: 15 


4 To dinide alin 70 We 


Akethelinegiuen, and open the Sector according to 
the length of the ſaid line in the points of the parts, 
wherevnto the line ſhould be diuided, then keeping the 
Sector at this angle, the parallell diftance berweene the 
points of x and x ſhall diuide the line giuen into the parts 
required. | 


A " B 

Let AB, be the line giuen to be diuided into fine 
parts, firſt I take thisline A B, and to it open the Sector 
m the points of 5 and $, fo the parallel berweene the 
pointsof rand1,doth giue me the line A C, which doth 
diuide it into the parts required, 


_ 5 10 15 KS. 
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Or ler thelikeline A B, be tobe diuided into rwenty 
three parts. Firſt I take out the line and pur it vpon the 
Sector in the pointsof 23, then may I by the former pro- 
polition diminiſh rin A C, CD, in the proportion of 
23, to 10, and after that diuidethe line A © into 10, &c. 


As before, 
5 Tofinde a proportion betweene two or more 
right lines ginen, 


FPAke the greater line giuen, and according to it open 
ſ | acxirne i WOOE! 


,the 
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16 The wvſe of the line of Lines. . 
the Sector in os 100 and 160, theritake the 
3 


leſſer lines ſeuerally,& carry them parallell to ater, 
cill chey' ſtay in like points, ſo the number” of points 
whercin they ſtay, ſhall ſhew their proportion vnto 100, 


A B 


— 


ab 
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Let the lines giuen be AB,CD,firſt I take theline CD, 
& to it open the Sefor in the points of 100,and 100,then 
keeping the SeFer at this angle,I enter the leller line AB, 
parallel! to the former, and find it to croſle the lines of 
Linesin the poynts of 60. Wherefore the proportion of 
AB toCD, is as6bo to I00. 

Or if the line C D, be greater then can be put ouer in 
the poynts of 100,then I admut the lefler line A B,to be 
200,6 cutting off CE equalto A B,I find the —_ 
of C E,vnto E D,to be as 100,almoſt ro 67;wheretore this 
way y proporti6 of AB ynto CD,is4s 100 vnto almoſt 167, 

Thais propoſition may alſo-not vnficly be wrought by 
any other number, that admits 'ſeuerall diuiſions, and 
namely, by the numbers of 60. And ſo the lefler line will 
be found to be 36, which is as before in leller numbers, 
as 3 vnto 5.It may alſo be wrought without opening the 
Seftor.For it the lines between which we ſeek a proporti- 
on,be applycd to the lines of Lines,(or any other Scale of 
equall parts) there will be ſuch proportis found between 
them, as berweene the lines to which they are equall, 


6 Twolines being giuen to finde 4 third 
emncontinuall proportion. 


F* r{t place both che lines giuen, on. both ſides of the 
Seftor from the Center, and marke the termes of their 
extenſion, then take outthe ſecond line againe, and co 


it open the Sefer,in the termgo! the firlt line,to keeping 
| | the 


& 
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the Seffoy at this an gle, the parallell diſtance betweene the 


rernues of the ſecond line, ſhall be the third proportionall. 
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Let the to lines ginen be A B,A C,which I take out and 
place on both ſides of the Sector, ſo asthey all meete in the 
center A, let the termes of che firſt line be B and B, the 
termes of the ſecond C and C.Then doe I take our A C the 
ſecond line againe, andto it open the Sector in the termes 
BB. So the parallell betweene C and C doth giue me 
the third line in continuall proportion. For as AB js vato 
AC; fo BB, cquallto AC, 1s _ CC, 

7 


i$ The fe of the line of Lines, 


7 Three lines beiug, gintn to finde the fourth 
in di{continucll propertion. 


re the firſt line and the thirdare to be placed on both 
Hl of the Sefor from the center, then take out the (c- 
cond line, 2nd to it open the Seftor in the termes of the firſt 
line, For ſo kceping the Sefor at chis angle, the parallell diſ- 
tance becwern che termes of the third linc,ſhalbe the fourth 
proportiona!l. 
Let the three lines giuen be A, B, C. 
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Fir{t I take out A and C, and place them on both ſides of 
the Sefor, in A B, A C,andA D, A E,laying the beginning 
of both lines at the center A,then do I cake our Bthe ſecond 
line, according toit I open the Sector in Band C, the termes 
of the firſt line : fo the parallell berweene D and E, doth 
giue me the fourth proportionall which was required. 

As in eArithmetiqne , it ſufficerh if the firſt and third num- 
ber giuen be of one denomination,the ſecond & the fourth 
which is required be of another. For one andthe ſame de- 
nommarion 1s not required neceſſarily in them all. So in 
Geomerrie, 1 ſufficerh if the ſides A B, AD, reſembling the 


firſt 
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firſt and third lines giuen be meaſured in one Scale, and the 
aralle]lls BC,D E be meaſured in another, Wherefore 
Lnowin the proportion of A the firſt line, and C the third 
line,by the fift prop. before. Which is here as $ to 12,8 deſce- 
ding in leſſer numbers isa5 4 to 6,or as 2 to 3,or aſcending in 
greater numbers, as 16 vato 24, or 18 to 2 7,0r 20 to 3o, or 
30 to 45,0r 40 to bo&c.It the Sectoy be opened in the points 
of 8 and $,tothe quantity of B, the ſecond live giuen, then 
a paratlell betweene 12 and 12, ſhall giue D E, the fourth 
line required, So likewiſe if it be opened in 4 andq, then 
a parallell berweene 6and 6, orifin 15 and 16, then a paral- 
lell betweene 24 and 24 ſhall giue the ſame D E. Andſoin 


the reſt. 


8 Todinide alin in ſuch ſort as another line 
is before dinided. 


& 

| ar take out the line giuen,which is already diuided,and 

laying it on both ſides of the Sector from the center,marke 
how farre it extendeth.Then take out the ſecond line which 
i5 to be diuided,and to it open the Sectoy in the termes of the 
firſt line, This done, take out the parts of the firſt line, and 
place them alſo on the ſame ſide of the SefFoy from the cen- 
ter, Forthe parallells taken in the termes of theſe parts, ſhalbe 
the correſpondent parts in the line which is to be diuided. 

Let A B, be aline diuidedin Dand EZ, andBC, the line 
which I am to diuide in ſuch ſort, as FB is dinided. 

Firſt I take out the line FB, and place it on the line of 
Lines in A B, AC, both from the center A, then take I out 
the ſecond BC, andtoir open the Sector in Band C, the 
termes of the firſt line, The Sector thus opened to his due 
angle,] rake our A D and A F,the parts of the firſt line A B, 
and place them alſo on both the fides of the Sector im A D, 
A E, ſo the parallell DD, giuerch me BF, andthe parallell E 
E,gieth me B G,and now the line'B C,isdiuidedin F & G, 
a$35 the other line A B,inD and E, which is that which was 

D 2 requt- 
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required. | 

It the line AP, were langer then one of the ſides of the 
Ruler, then ſhould I finde what proportion it hath to his 
parts A D, A&, and that knowne I may worke as betorc in 
the former propolition. 


a Two numbers being giuento finded third 
in continual proportion. 


Irſt reckon the two numbers ginen on both lides of the 
Fines of Lines from the center, and marke the termes to 
which cither of them extenderh, then take out a line retem- 
bling the ſecond nuinber againe, and to it open the Sector 
in the termes of the firſt number, for:ſo keeping the Sector 
at this angle, the parallell diſtance betweene the termes of 
the ſecond laterall niimber, being mcaſured in the fame 
Scale, trom whence his parallel] was taken, ſhall giue the 


_thixd number proportionall. 


Let the two numbers giuen be 218, 24, theſe being re- 
ſembled in lines, the worke will be in a manner all one, wich 
chat in the f{ixc Prop. and ſo the third proportionall 
number will be tound to to be 32, 

10 Three 
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10. Three number: being giuen to findea {purth 
in diſcontinuall proportion. 


'Y He ſolation of this propoſition, is in a manner all one 
with that before 'in the ſeuenth Prop, onely there 
may be ſome difhcalry in placingzof che numbers. To avoyd 
this, we muſt remember that three numbeybeing given, 
the queſtion is annexed bur to one, and this maſt allwayes 
be placed in the third place, that which agrees with this 
therd number in denomination, ſhalbe the firſt number,and 
thac which remainerh the ſecond. number. This being con- 
ſidered, reckon the firſt, anqthird numbers, which are of the 
firſt denomination on both fides of thelines of Laves from 
the center, and marke the termes to which eicher of them 
extendech, then take out a line reſembling the ſecond num- 
ber, and to it open the Sector in the termes of the firſt num- 
ber, tor ſo keeping the Secror at this angle, the parallell di(- 
tance betwcene the termes of the third laterall number, be- 
ing meaſured inthe ſame Scale from whence his parallell 
was taken, ſhall giue the fourth number proportionall. 

As ifa queſtion were propoſed in this manner, 10 yards 
cot 8, how many yards may we bny for'12 Þ?. heere-the 
queſtion 15annexedro 12; andtherefore it thall be the-rhird 
number, and becauſe $ is of the {ame denomination, tt ſhall 
be the firſt number,then 10 remaining,'it mult be the ſecond 
number, to will they ſtand in rhis —_—_ 8, 10,12.Thele.be- 
ing reſembled in lines, the worke will bein a manner the 
fame, with that in the ſeuenth Prop. and the fourth pto- 
port:onall number will be found to be 15. Foras& are co 
10, ſo12 vnto IF. | 

And this holdeth in dire& proportion, where, as the firſt 
number 1s co the ſecond, 1o che,thurd to the fourth. So chat it 
the third number be greater then the kir{t,che fourth will be 
greater then the ſecond,or if the chyrd number be lefſe then 
the firſt, the fourth will be letle then the ſecond, bur 1 
recippocall proportion, commonly called rhe —_— 

$3. I 2 Wh cre 
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wil 4 where by how much the firſt number is greater then the 
| third, ſo much the ſecond will be lelle then thefourth, or 
by how much the fxſt number 15 lefle then the third, fo 
much the ſecond will be greater then the fourth. The man- 
ner of working muſt be contrary, that is z the Sector is to be 
opened in the texmes of che chird number, and the parallell 
reſembling the.number required, is to be found betweene 
the termes of the firſt number, the reſt may be obſerued as 
before, as for example, 


Witt If twelne men wonld raiſe a frame in ten dayer, in how 

if dayes would eight men raiſe the ſame frams ? Here, becanſe th 

ly fewer men would require the longer time, though the number; b 
12, 10,8. zet the fourth proportinall will be found tobe rx, 


| "91 So if bo yards, of three quarters of a yard in bredth , would 
| hang round about 4 roome, aud it were required to know how many 
| | yards of balfe a yard in bredth, would ſerne for the ſame reome. 
ll LO - The fourth proportionall would be found tobe go. 


It So if to make a foote ſuperficial, 12 inches in bredth doe require 

1 7.2 inches in lengrb,and the breadth being 16 inches,it were re quired 

1 #0 knowe the length. Here, becauſe the more breath,the eſe length, 
| the fourth proportional wilt be faund to beg. 


$0 if to make 4 Solid foote, a baſe of 14.4 inches, require 12 
inches in height, and a baſe ginen being 216 inches, it were requi- 
| red to knowe how many inches it ſhall baxe mm height, The fourth 

proportional would be found to be 8. 


| This laſt propoſition of _— a fourth proportional! 
| ( number, may be wrought alſo by the lines of Saperficies,and 
| by the lines of So/ids, 


CHAP, I1.. 
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CHAP, III. 


The w/e of the lines of Super ficies: 


1 To finale 4 proportion between twoor more like 
_ » Superficies, 


Ake one of the lides of the greater Swperficies giuen,and 

according toitopen the Sector in the points of 100 and 

Too, in the lines of Swperficies, then take thelike (ides of the 

leſſer Swperficies (enerally, and carry them parallell to the for- 

\ mer, till chey ſtay in like points, ſo the number of points 
wherein they ſtay, ſhall ſhew their proportion vnro 100. 


| Tet AandB, be the fjdes of like Saperfiries, as the ſides of 
two ſquares, or the diameters of rwo circles, firſt I cake the 

| ſide A, andto it open the Settor mn the points of 106, chen 
| keeping the Seotor to this angle, I enter the lefler tide B, pa- 
rallell co che former, and finde it to croſle the lines of Swper= 
ficies in the points of 49, wherefore the proporrion of the 
Smperficies, whole (ide is A, tothat whole lide is B, isas too 
vnto 4o, which is in leſſer numbers, as 5 vuto 2, 

Thus propoſition might haue beene wrought by 60, or 
any other number that admits ſeuerail diuiſions. Irmay aifo 
be wrought without opening the Sector, forif the ſides of 
the Sper ficies giuen, be applicd to the lines of Swperfictes 
beginning alwayesat che cenrerof che Sector, there will be 
fuch proportion found þerweene them, as berweene the 


aumber of parts whereon they fall. 
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2 To augment 4Super ficiesin aginen Proportion, 
3 To diminiſh a Super fictes in a gyuen Proportion. 


*Akethe ſide of the Swperficies, and toit open the Sefoy 
in the points of the numbers giuen ; then keeping the 
Seftor at that angle, the parallell diſtance berweenthe points 
of the number required, ſhall giue the like ſide of the Swper- 
ficies required. - | 
B + — wa 
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ct eA bethe ſide of a Square to be augmented in the 
PRr_— of 2 to 5. Firſt I take the ſlide 4, and put it ouer 
1s rhe lines of Swperficier, in 2 and 2; 10 the parallel berween 
5 and 5, doth giue me the (ide B, on which if I ſhould make 
a Square, it would hauec ſuch proportion to the ſquare of FA, 
as 5 vnto 2. | 

In like maner if B were the ſemidiameter of a circle to be 
diminiſhed in the proportion of 5 vnto 2, I would take our 
B, and put it ouer inthe lines of S#perficies, in 5 and 5; ſo 
the paralle]l betweene 2 and 2, would giue me A; on which 
Semidiameter if I ſhould make a circle,it would be laTe then 
the circle made vpon the Semidiameter B, in ſuch propor- 
tion as2 1s lefle then $5. 

For varietie of worke the like caution may be here oh- 
ſerued to that which we gaue in the third Prop. of 
Lmnes. 


4 Toadde onelike Super ficits to another. 
5 To (abtract one like Superficies from another. 


Irſt, the proportion-berweene like (ides of the Superficies 
given, 1s to be fotind by the firſt Prop. of Saperficies, 
then adde or ſubtra&t the numbers of thoſe proportions, 
and accordingly augment or duminiſh by the former 

Prep, 
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As if A and B were the ſidggof two Squares, and it were 
required to makeathird Square equall to them both, Firſt 
the proportion berweene che feuares of A and B, would be 
found to be as 100 vnto4o, or in tw lefler numbers as to 
2; then becauſe 5 and 2 added do make 7, I augment the 
ſide A in the proportion of 5 to 7, and produce the (ide C, 
on which if I a ny uare, it will be equall to both the 
ſquares of A and B, which was required. | 

In like maner A and B being the ſides of rwo Squares, if 
it were required to ſubtract the ſquare of ZB out of the ſquare 
of A, a ro make a ſquare equall to the remainder, here 
the proportion being as 5 to 2, becauſe 2 taken our of 5, 
the remainder is 3, I would diminiſh thelide 4 in the pro- 
portionof 5 to3, and ſo] ſhould produce the fide D, on 
which if I make a ſquare, it will be equall to the remainder 
when the ſquare of B is taken out of & ſquare of A, that is, 
the two ſquares made vpon B and D, ſhall be equall to the 
firſt ſquare made vpon the {ide . 


b To find a meane proportional betweene 
wo lines giuen. 


| 79h find what proportion 1s berweene the lines giuen, 
as they are lines, by the fifth Prop. of Lines, then 
open the Seftor in the lines of Smperficies, according to his 
number, to the quantitie of the one, and a parallell taken 
berweene the points of the number belonging to the orher 
line ſhall be the meane proportionall, 


26 | The wſeof the line of Superficies. 

Let the lines giuen be A and C.The pro_—_ berween 
them as they are lines wil be found by the fifth Prop.of Lines 
to be as 4 to. 9. Wherefore I take the line C, and pur it ouer 
in the lines of Swperficies betweene 9 and 9, and oiping 
the Seltor at this angle, his parallell berweene 4 and 4 dot 
giue me B for the meane proportionall. Then for proofe of 
the operation I may take this line B,and put it ouer between 
9 wy 9: ſo his parallel berween 4 and q,ſhall giue me the firſt 
line A.Whereby it is plaine that theſe three lines do hold in 
continuall proportionzand therefore Bis a meane proportio- 
nall berweene A and C the extremes giuen. 


Vpon the finding out of this meane proportion depend 
many Corollaries, as. | 


To make a Square equall to a Swperficies ginen. 


F the Sperficies giuen be a reAangle parallellogram , a 
meane proportional betweene the two vaequal (ides ſhall 
be the lide of his equall ſquare. 

If itſhall be a triangle,a meane proportion betweene the 
perpendicular and halfe the baſe ſhal be the ſide of his equal 
{quare. If it ſhall be any other right-lined figure, it may be 
reſolued into triangles, and ſo a {1de of a ſquare found equall 
to euery triangle; and theſe being reduced into one equall 
ſquare, it ſhall be equall co the whole right-lied figure 
gluen, 


To finde a proportion betweene Supet ficies, though they be 
wnlike one to the other, 


Tf ro euery Swper ficies we find the ſide of his equall ſquare, 


the proportion betweene theſe ſquares, ſhall be the pro- 
portion betweene the Saperficies giuen, 


Ler 
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Let the Swperficies giuen, be the oblonge A, and the tri> 
angle 8, Firſt between che vnequall ſides of ,I find a meane 
proportionall, and note itin C : this is the ſide of a ſquare 
equall ynto A. Then betweene the prependicular of B, and. 
halfe his baſe, I finde a meane proportionall, and note it in 
B: this is the (ide of a Square equall to B: but the propor- 
tion between the ſquares of C and B, will be found by the 
firſt Prop.of Swper fictes to be as 5 to 4: and therefore this 1s the 
proportion berwene thoſe giuen Superficies. 


To make 4Superficies like to one Super ficies 
and equall to another. 


Et the one Saperficies giuen be the triangle A, and the 0- 
ther the Rhowboides B,and let it be required co make an- 
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28 The «ſe of the line of Superficies. 
other Rhomboides like to B,and equall to the triangle A, 

Firſt between the perpendicular and the baſe of B,I find 
a meane proportionall, and noce it in B, as the ſide of his e- 
quall ſquare: then betweene the perpendicular of the tri- 
angle A,and halfe his baſe, I ind a meane proportionall,and 
nore it in A, as the ſide ofhis equall ſquare. Wherefore now 
as the (ide B is to the fide 4, fo ſhall the ſides of the Rhom- 
boides giuen be to C and D, the ſides of the Romboidesre- 
quired,& his pendicular a'fo co E,the perpedicularrequired, 

Hauing the ſides and the perpendicular, I may frame the 
Rhomboides vp, and it will be equall to the triangle A. 

Tf the Swperficies giuen had been any orher right-lined 
figures, they hehe been refolued into triangles, and 
then brought into ſquares as before, . 

Many ſuch Corollaries might haue been annexed, but the 
meanes of finding a meane proporcionall being knownc, 


they all follow of themſclues. 


7 To findea meane proportional bet weene two 
numbers ginen, 


Þit reckon the two numbers giuen on both ſides of the 
Lines of Superficies from the center, and mark the terme+ 
whereunto they extend; then rake a line out of the Line ot 
Lines, or any other ſcale of equall parts reſembling one of 
thole numbers giuen, and pur it ouer in the termes of his - 
like number in the lines of Smperficies ; for ſo keeping the 
Sefor at this angle, the parallell taken from the termes of the 
other number and meaſured inthe ſame ſcale from which 
the other parallell was taken, ſhall here ſhew the meane pro- 
ortionall which was required, | 

Let the numbers giuen be 4 and 9. If I ſhall take the line 
A, m the Diagram of the ſixt Prop. reſembling 4 in a ſcale 
of cquall parts, and to it open the Seffor in the termes of 
4 and 4, in thelines of Swperficies , his parallelf betweene 9 
and 9 doth giueme B for the meane proportionall. And 
this meaſured im the ſcale of cquall parts doth excend to 6, 


which 
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which is the meane proportionall number between 4 and g. 


 Foras4to6,ſfo6 tog, 
In like maner if I take the line C, reſemblin g 9 1n aſcale 
of cquall parts, and to ir open the Seffor in the termes of 9g 


and 9,in-the lines of Saperficier, his parallell between 4 and 4 


doth giue me the ſame line B, which will proue to be 6; as 


vera if it be meaſured in the ſame ſcale whence D was 
raKen. | 


8 To findthe ſquare roote of a number. 
9 Theroote being given to find the ſquare num- 
ber of that roote. 


N the extraction of a ſquare roote it is vſuall to ſet pricks 

ynder the firſt figure, ha chird, the fifth,the ſeuenth, and 
ſo forward, beginning from the right hand toward the left, 
and as many pricks as fall to be ynder the ſquare number gi- 
uen,ſo many figures ſhall be in the roote : ſo that if the num- 
ber giuen be letſe then 100, the roote ſhall be only of one 
figure; if lefſe then r0000,it ſhall be but two figures; if letle 
then 1000000, it ſhall be three figures,&c. 

Thereupon the lines of Sapexficzes are diuided firft-into an 
hundred parts,and if the number giuen be greater then 100, 
the firſt diuiſion (which before did ſignthe only one) mutt 
ſignife 100, and the whole hne ſhall be 10000 parts: if yet 
the number giuen be greater then 10900, the firlt diuiſion 
mult now ſignitie 10000, and the wholz line be eſteemed ar 
1000000 parts: and it this be too little to expretle the num- 
ber giuen, as oft as we haue recourſe to the beginning, the 
whole line ſhall increaſe it ſelte an hundred rimes. 

By clus meanes if che laſt pricke to the lefr hand ſhall fall 
ynder the laſt figure,which will be as oft as there be odde fi- 
gures, the number giuen ſhall fall our berwecne che center 
of the Sefor and the tenth dmilion : bur if che laſt prick ſhall 
fall vnder the laſt figure but one,which will'be as oft as there 
be cuen figures , on the number giuen ſhall fall out be- 


eweene the tenth duwuilion and the end of the SetFor, 
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This being conſidered, when a number is giuen and the 
ſquare roote 15 required,take a ; > og of compaſlles and ſetting 
one foote in the center, extend the other to the terme of the 
number giuen in one of the lines of Superficies; for this di- 
Aance applied to one of the Lines of Lines, ſhall ſhew what 
the Square roote is, without opening the Settor, 

Thus64 doth giue a roote of 8, and $6g a roote of almoſt 369 
19, and 1296 a roote of 36, and 9056 a roote of 84, and 
62500 aroote of 250, and 714000 a roote of about 845, and 
ſo 1n the reſt, 

On the contrary, a number giuen may be ſquared, if firſt 
we extendthe compalles ro the number giuen 1n the lines of 
Lines, and then apply thediſtance ro the Lines of Superficies, 
as may appeare by the former examples. 


10 Three nambers bring giuento find the fourth 
in a duplicated proportion. 


I5, is plaine by the 19 and 20 Prop.6. Lib.of Exclid, that like 
Smperficies do hold in a duplicated proportion of their ho- 
mologall ſides, whereupon a queſtion being moued concer- 
ning Swperficies and their fides. It is viuall in Arith- 
mericke that the proportion be firſt duplicated before the 

ueſtion be reſolued, which is nor necellarie in the vſe of 
& Seftor, only the numbers which do ([ignifie Super ficies 
muſt be reckoned in the lines of Swperficies, and they which 
ſignific the (ides of Sperficies, in the lines of Lines, after 
this maner. 

If a queſtion be made concerning a Szperficzes, the two 
numbers of the firſt denomination muſt be reckoned in the 
lines of Lines, and the Sefor opened inthe termes of the firſt 
number to the quantitie of a line out of the ſcale ﬀf Smuper- 
ficies reſembling the ſecond number ; fo his parallels cake 
betweene the termes of the third number , being meaſured 
in the ſame ſcale of Swperficies, ſhall giue the Superficial 
number which was required. 

Asif a Square,whole lide is fortie perches in length, ſhall 

cons 
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The wofſe of the line of Superficies, z1 
containe ten acres in the S#perficies, and it be required to 
know how many acres the Square ſhould contain,whoſe lide 
is lixtie perches, | 

Here if I tooke 10 out of the line of Saperficies, and put it 
ouer in 40 in the lines of Lives, his parallell between 60 and 
6o meaſured. in the line of Swperficres, would be 222; and 
ſuch is the number of acres required . For Squares do hold 
in a duplicated proportion of theirfides ; hou when 
the proportion of their (ides is as 4 to 6, and 4 mulciplied 
intoqg become 16, and 6 multiplied into 6 become 36, the 
proportion of their ſquares ſhall be as 16 to 36; and ſuch is 
the proportion of toto 22 £. 

It a fad meaſured with a ftatute perch of 26 £ foote, ſhall 
containe 288 acres, and it be required to know how man 
acres ic would containe if it were meaſured with a wood- 
land perch of 18 toote. 

Here becauſe the proportion 1s reciprocall, if I tooke 288 
out of the line of Swperfcres,and put it ouer in 18, in the lines 
of Lines, his parallell betweenc 16% and 165 meaſured in 
the line of Saperficies, would be 242; andiuch isthe number 
of acres required. ; . 

For ſceing the proportion of the ſides is as 86*o 18, or in 
leſſer numbers as Ir to 12, and that 11 multiplied intozr 
become 121, and 12 into 12 become 144, the proportion of 
theſe Super ficies ſhall be asa 121 to 244, and ſo haue 288 to 
242, in reciprocal proportion. | 
' On the contrary, if a queſtion be propoſed concerning 
the (ide of a Superficies, the ewo numbers of the firit den o- 
mination muſt be reckoned in the lines of Swperficies,and rhe 
Seftor openedin the termes of the firſt number,to the quan- 
titic of a linc,out of theline of Lines,or ſome Scale of equall 
parts,reſembling the ſecond number ; 1o his paralfell raken 
between the cermes of the third number being meafured in 
the ſame ſcale with che ſecond number, ſhal gue che tourth 
number required, 

As if a held contained 288 acres when ir was meaſured 


with a ſtatute perch of 16 7, and being meaſured with m_ 
cher 
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cher perch,was found to containe 242 acres,it were required 
to know what was the length of the perch with which it was 
ſo meaſured. 

Here becauſe the proportion is reciprocall, if I tooke 16 = 
out of the line of Zener, and pur it ouer in 242 in the lines 
of Sper ficzes, his parallell betweene 288 and 288, being mea- 


ſured in the line of Lines,would be 18,and{uch is the length * 


of the perch in foote whereby the field was laſt meaſured. 

Forſeeing the proportion of the acres is as 288 vnto 242, 
or in the leatt numbers as 144 to 121, andthart the roote of 
244 is 12, and the root of 121 is 11, the proportion of roots 
and conſequently of the perches ſhall be as12 to 11, and ſo 
are 165 to 18, in reciprocal proportion, 

If 360 men were to be ſet in | ok of a long ſquare,whoſe 
ſides ſhall haue the proportion of 5 to $;and it were required 
toknow the number of men to be placed in front and file : 
if the ſides were onely 5'and8, there ſhould be bur 4o men; 
but there are 360: therefore working as before, I fnd that 


As 40 to the ſquareof 5, 


ſo 360 to the ſquare of 15. 


As40 to the ſquare of 8, 
ſo 360 to the ſquare of 24. 


and ſo x5 and 24 are the ſides required. 


If x000 men were lodged in a ſquare ground, whoſe ſide 
were 60 paces, and it were required to know the {ide of the 
ſquare wherein 5000 might be ſo lodged, here working as 
before, I ſhould find thar 


As 1000 are to the ſquare of 60: 
ſo 5000 to the ſquare of 134. 


And ſuch very neare is the number of paces required. 


CHAP. 


of parts whereon they fall. 


The ot of the line of Solids. * ”5 
CHAP. IV. 
The ſe of the lines of Solids. 
To finde «proportion betweene twoor more like Solids: 


N the Sphere, in regular, parallcll, and other like bodies, 

whoſe {1des next the equall angles are proportionall, the 
worke is in a manner the ſame, with that in the firſt Prop. of 
Swper ficier, bur that it is wrought on other lines. 

Take one of the ſides of the greater Solid, & accordin gro 
it open the SeFor in the points of 1000 and 1000,in the lines 
of Solrds, then take the like ſides of the lefler Solrds ſeuer- 
ally, and carry them parallell to the former, till they ſtay in 
like points, ſo the number of points wherein they ſtay, ſhall 
ſhew their proportion to 1000, | 


1000 _ 
A — B : 400 4 


Let Aand B, bethe like ſides of like Solids, either the di- 
ameters, or ſemidiameters of two ſpheres, or the ſides of two 
cubes, orother like. Firſt I take the (ide A, and to it open 
the Sector in the points of 1000, then keeping the Sector at 
this angle, I enter the leſſer (ide B, parallell tothe former, 
and finde it ro crofle the line of Solids in the points of 400, 
and ſuch is the proportion berweene the Solids required, 
which in leſſer number isas 5 to 2. 

This propoſition might haue beene wrought by 66, or 
any other number that admitsfeuerall diuiſfjons. | 

Ic may alſo be wrought without opening the Sector, for if 
the ſides of the Solids giuen,be applied to the lines of Solids, * 
onpamy allwayes at the center of the Sefor, there will be 
ſuch proportion betweene them, as berweene the numbers 


2 To 
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2 Toaugment a Solidin a giuen proportion. 
3 To diminiſh « Solid in 4 giuen proportion. 


Ake the ſide of the Solid given, and to it open the 
Sector, in the points of the number giuen : chen keep- 
ing the Seor at - ps gle, the parallell diſtance bet weene 
the poinrs of the number required, ſhall giue the like ſide of 
the Solid required. | 
If itbe a paralle/lopipeden, or ſome irregular Solid, the 
other like ides may be found out in the ſame manner, and 
with them the Solids required, may be made vp with the 
ſame angles. | 


et 


2. 


Ler Abe the ſide of a cube, to be augmented in the pro- 
ortion of 2 to 3. Firſt I rake the ſide A, and pur it ouer in 
the lines of So/:ds in 2 and 2, ſo the parallell berweene 3 and 
3,dorh giue metheſide B, on which if I make a cube, it will 
hauec ſuch proportion to the cube of A, as 3 to 2. 

In like manner, it B were the diameter of a Sphere, to bg . 
diminiſhed in the proportion of 3 to 2. I would take out B, 
and pur it ouer in the lines of Solids, in 3 and 3, fo the pa- 
rallell berweene 2 and 2, would giueme A : to which dia- 
meter if I ſhould make a Sphere, it would be leiſe then the 
,- api whoſe diameter is B, in ſuch proportion as 2 is leile 
then 3. 

Herealſo for variety of worke, may the like caution be 
obſerued to that which we gauein the third Prop, of Lines. 


4 Toaddeonelike Solid to another. 
5 Toſubtradt one like Solid from another. 


F Irſt the proportion betweene the ſides of the like Solids 
gen, 15to be found by the firſt Prop. of Solids ; then adde 


or 
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of ſubtract thoſe proportions, and accordingly augment or 
iminiſh by the former Prop. 
C is 
4 wn 1h - \ 
Co — = - 


As if A andB were the ſides of two cubes, and it were re- 
quiredto make a third cube equall to them both : firſt the 
roportion berweene the (ides & and B, would be found to 
be as 100 to 40, Orin leſſer termes as 5 to 2. Then becauſe 5 
and 2 being added do make 7, I augment the fide A in the 
po_ of 5 to 7, and produce thefide C, on which if I 
makea cube, it will be equall to both the cubes of X and B, 
which was required. | 
In like maner A and B being the fides of two cubes, if it 
were required to ſubtrat the cube of B out of the cube of 
A,and to make a cube equal to the remainder, Here the pro- 
portion being as 5 ro 2,becauſe 2 taken out of 5,the remain- 
der is 3, I ſhould diminiſh the (ide A in the proportion of 5 
eo 3, and (o I ſhould haue the ſide D, on which if I make a 
cube,it will be equall to the remainder when the cube'of B 
is taken out ofthe cube of A, that is the two cubes made vp- 
yr B _— D, ſhall be equallco the firſt cube made vpon the 
c A / 


| : { 
6 To find two meane proportionall lines betweene 
3w0 extreme lines ginen. 


F! rſt I find what pg 1s betweene the two extreme 
lines giuen as they are lines, by the fifth Prop. of Liner, 
chen open the Setter in the lines of Solids, to the quantitie of 
the former extreme , and a parallell berweene the points of 
the number belonging to ho other extreme, ſhall be that 
meane proportionall which is next the former extreme. This 
done, open the Setor againe to this meane proporcionall in 
the points of the former extreme , and the paralle!! _ 

F 2 4 
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betweene the points of the latter extreme, ſhall be the other 
meane proportionall required. 


_—” 


Let the two extreme lines giuen be A and D, the propor- 
tion betweene them,asthey are lines, will be found to be as 
27 to 8. Wherefore I'take the line A, and put it ouer in the 
lines of Solids berweene 27 and 27, and keeping the Sefor 
at this angle, his parallell berweene 8 and 8,doth giue me B, 
che meane proportionall next vato A. Then ms I ouer this 
line B,betweene the aforeſaid 27 and 27,and his parallel] be- 
eweene 8 and 8 doth giue me the line C,, the other meane 
proportionall which was required. 

Againe, for proofe of the operation I put ouer this line C 
in the aforeſaid 27 and 27, and hisparallell berween 8 and 8 
dorh giue me-the very ine D:whereby it is plaine that theſe 
foure lines do hold in continuall proportion;zand ſo B and C 
are found to be the meane proportionals betweene A and D 
the extremes giuen, 


7 To find two meane proportional numbers 
between two extreme numbers giuen. 


T_ reckon the numbers giuen on both ſides of the lines 
of Solids, beginning from the center,- and marking the 
termes whereto they extend: then rake a line out of the line 
of Lines,or any other ſcale of cquall parts reſembling the for- 
mer of thoſe numbers, and pur it ouer in the lines of So/ids, 
berweene the points of his like number, and a parallell be- 
eweene the points belonging to the other extreme,meaſured 
in the ſcale trom whence the other parallell wasraken, ſhall 

we that meane proportionall number which 1s next the 
Ra extreme . This done, open the SefFor againe ro this. 
meane proportionall inthe points of the former extreame,. 


and 
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and the parallel! diſtance betweene the poiners of the latter 


extreame, meaſured in the ſame ſcale as before , ſhall chere , 
ſhew the other meane proportionall required. 
27 ES ——_ 
fy 5) a C 1 3'Þ =_ 
at Ss : i 18 _ 
B 4 = 


Let the two extreame numbers giuen be 27 and 8; if I 
ſhall rake the line A,reſembling 27 in a ſcale of equall parts, 
and to it open the Sefor in 27 and 27, in the line of Sohids, 
his parallell berweene$ and 8 doth giue me B for his next 
meane proportionall, and this wn! An in the former ſcale 
doth exrend-ro 18. Then pur F ouer this line B berween the 
aforeſaid 27 and 27, and his parallell between 8 and 8 doth 

iveme C forthe other mcane proportionall, and tliis mea- 
ſured inthe former ſcale doth extend to 12. Apaine, for 
proofe of my worke, I put ouer this line C betrweene 27 and 
27, as before, and his parallell berweene $ and 8 doth giue 
me D;which atieifn the former ſcale doth extend to 8, 
which was the latter extreame number giuen; whereby it is 
plaine thar theſe foure numbers do hold in continuall pro- 
portion : and therefore 18 and 13 are meane proportionals 
berweene 27 and8,which was required, 


8. To finde the cubique roote of 4 number, 
9 Theroote bem yiuen to finde the cube number (7 
v—— 


of that 180!C. ; 
9 


N the extraion of a cubique root, it is v{uall to ſer pricks 

ynder the firſt figure, the fourth, the ſeuenth; the tenth, 
and ſo forward, omitting two, and pricking the third from 
the righthand coward the leftzand as many pricks as fall to be - 
vnder the cubique number, ſo many figures ſhall be in the 
roote. So that it the number'giuen: be lefle then x 000, the 
roote ſhall be only of one figure; if Jeiſ+ rhen 1000000, it 
ſhall be bur of two figures; if aboue theſe, and letle chen 
L000000000, it ſhall be but rhree figures ; &c, a 
"FR NED F 3 the 
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the links of Solids are divided, firſt into 1008 parts, and if the 
numbers giuen be greater the t000,the firſt diuiſion(wheih 

before did ſignifie onely one ) muſt ſignifie 2000, andthe 

whole line ſhall be xo00000 : if yet the number giuen be 

greater then r000000, the firſt druifion muſt now lignifie 
x000000, and the whole line be eſteemed at to0000000a 

parts, and if theſe be to little to expreſſe the numbers giuen, 

as oft as wee haue recourſe to the begining, the whole line 

ſhall encreaſc it ſelfe a thouſand rimes.. 

By theſe meanes,if the laſt pricke, to the left hand, ſhall fall 

vnder the laſt figure, the number giuen ſhall be reckoned 

at the beginning of the lines of Sohids, from x to 10, and the 

firſt figure of the roote ſhall be alwayes either x, or 2. If the 

laſt pricke ſhall fallvnder the laſt 6gure but one, then the _.. * 
number giuen ſhall be reckoned in the middle of the line of if ua | 
Solids, berweene 10 and roo, and thefirſt hgure of the roote 

ſhall be alwayes either2z, or 3, or 4. -But if the laſt pricke 
hall fall vnder the laſt figure bur two, then the ca gi- 

uen, ſhall be reckoned at the end of the line of Solids, - be- 

tweene 100, and 1000, 

This being conſidered when anumber is | can and the 

cubique roote required : Set one foote of the compalles in 
the center of the Sector,cxtend the other in the line of Solids, 
tothe points of the number giuen : for this diſtance applied 
ro one of the line of Lines,ſhall ſhew what the cubique roote 
15, without opening the Sefor, 


Cj Y 


So the neareſt roote of $490000, 15 about 204. 3 
The neareſt roote of 84900000, 15 about 439. 
The neareſt roote of 849000000, 1s about 947. 


On the contrary, a number may be cubed, if frft we ex- 
rend the compalles to the number giuen, in the line of 
Lines, and then apply the diſtance to the lines of Solids z as 
may appeare by the former examples. 


10 Three 
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10 Three aumbers bling giuen to finde jy ry 
eriplicated propertion, 
A? like Swperficies do hold in a duplicated proportion, 
{o like folids in a triplicated proportion of their homo- 

logall ſides: and therefore the ſame worke is to be obſerucd 
here on the lines of Solids, as before in the lines of Super fi- 
cies; a8 may appeare by theſe tws examples, 

If a cube whoſe ſide is 4 inches, ſhall be 7 pound weight, 
and it be required to know the weight of a cube whole ſide 
is7 inches; here the proportion would be, 


As4 are to a cube of 7: 
ſo 7 to a cube of 37 5. 


And if I rooke 7 out of the lines of Solids, and put it ouer 
in 4 and 4,in thelines of Lsnes, his parallcll berween 7 and 7 
mots in the lines of Solids, would be 375; and ſuch 1s 


che weight required. 

If a bullet of 27 pound weight haue a diameter of 6 in- 
ches, and ir be required to know the diameter of the like 
buller, whoſe weight is 125 pounds here the proportion 
would be, 

As the cubique root of 27 is vnto 6: 
ſo the cubique root of 125 is vnto 10. 


And ifI rooke 6 our of the line of Lines, and put it oner 
in 27 and 27 of the lines of Solids, his parallel berweene 12 : 


- and125 meaſured in theline of Lives,would be 10; and ſuc 


is the length ofthe diameter requured. 


The end of the firſt books. 
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SECOND BOOKE OF 
THE SECTOR, 


Containing the vie of the Circular 


Lines. 


CHAP. L 
Of the nature of Sincs, Chords, Tangents and 


Secants , fit to be knowne before hand 
in reference to right-line Triangles. 


4. 
N the Canon of Triangles, a circle is commonly di. 
uided into 360 degrees, each degree into 60 minutes, 


each winwte into 60 ſeconds, 
T 
Wd 
9 
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A ſemicircle therefgre is an arke of 180 gr. 
G A 


$ 
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A quadrant is an arke of go gr. : 

The meaſure of an angle1s c arke of a circle, deſcribed 
out of the angular point,intercepred beeweene the lides (uf- 
Ay ——_— BS 
' $0 the meaſure of aright anple 1$alwayes- an arke of go 

r, andin this example ® meaſure of theangleB AN is 
rhe arkeB C of 4o-gr;the meaſurevftheangleB AG, is the 
arke B F ofg5ogr. | | 

The complement of an arke or of an angle doth commg- 
ly ſignifie that arke which the giuen arke doth want of go 

gr: and ſo the arke B F is the coplement of the arke B C; & 
the angle B A F,whoſg meyure 15 B F,is the complement of 
the angle B A C;and on the contrary, 

The complement of an arke or angle in regard of a ſemi- 
circle, is that arke which the ginen arke wanterh to make vp 
180 gr: and fo the angle E A H is the complement of the 
angle E A.F, as the arke E H is the complement of the arke 
FE, in which the arke CE is the excetſe aboue the qua- 


dranr, 
| The proportions which theſe arkes (being the meaſures 


'of angles)haue ro the (ides of a triangle,cannort be -certaine, 
vnletle that which is crooked be brought to a ftraighe line; 


and that may be done by the application of Chords, Right 
Sines, verſed Sines, Tangents and Secants,tothe ſemidiameter 
of a circle, | 

A Chord is a right line ſubtending an arke: ſoB E is the 
chorde of the rke BCE, andB*F a chorde of the irke 
BF. 

A right Sine is halfe the chorde of the double arke,viz.the 
right line which falleth 'perpendicularly from the one ex- 
treme of the given arke, vpon the diameter: drawne to the 
other extreme of the {aid arke. 

So if the giuen arke be B C, or the giuen angle be BAC, 
let the diameter be drawne through the center A vnto C; 
and a perpendicular B D be let downe from the extreme F, 
ypon AC; this perpendicular B D ſhall be the right fine 
both of thearke & C, and alſo of the angleB AC: and it is 


allo 
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alſo the halfe of the chord B E, ſubtending the arke BC E, 
which is double to the giuen arke B C, 'In like maner, the 
ſemidiameter FA, is the right ſine of the arke F C,and of the 
right angle FAC; -forit falleth perpendicularly ypon A C, 
and it is the halfe ofthe chord FH, + 

This whole Sine of 90 gr. 15 hereafter called Radimns ; but 
the other Sines take their denomination from the degrees 
and minutes of their arks. 

Sinus verſus, the ver ſed ſire is a ſeg ment of the diameter,in- 
tercepted berweene the right fine of the ſame arke, andthe 
circumference of the circle', So D C is the verſed fine of the 
arke C B, and GF the verſed ſive of the arke B F, and G H 
the verſed ſine of the arke B H. | 

A Tangent jsa rightline perpendicular to the diameter, 
drawne by.the one extreme of the giuen arke, and termina- 
ted by the /ecavt drawne from the center through the 0- 
ther extreme of the ſaid arke. 

A Secant is a right line drawne from the center, through 
one extreme of the giuen arke, till it meete with the tangent 
raiſed from the diameter at the other extreme of the ſaid 
arke.1 

So if the giuen arke be C E, orthe giuenangle be CAE, 
let the diameter be drawne through the center A to C, and 
in Cto AC, beraiſed a perpendicular CI. Then let ano- 
therline bedrawne from the center A through E,till itmeer 
with the perpendicular CI in I; theline CI is a Tar 
gent, and A I is the Serant both of thearke CE, and of the 
angle CAE, 


G 2 CHAP, 


44 \ The generall oe of Sines aud Tangents, 
CHAP. 1I 
Of the generall ſe of Sines and Tangents. 


1 The Redits bring knowne to find the right ſine 
of any arke or angle. 


If the Radius of the circle gfuen be equall to the laterall 
Radius,that is,to che whole line of Sines on the Sefor,there 
needs no farther worke, but to take the other (ines alſo our 
of rhe ſide of the Seftor, Bur if it be either greater or leſler, 
then let ir be made a parallell Radius, by applying it ouer in 
the lines of Sines,betweene go and 90; (© the parallell taken 
from the like laterall ſines,ſhall be the ſive required. 

As if the giuen Radius be A C, and it were required to find 
the line of 50 Gr.& his complement agreeable co that radius, 


oO a, 
A, PER, 
B -— 'D G0 - 


Tin 


' 6 


Let AB, AB rep 


reſent the lines of ſizes on the Seftor, and 
ce betweene go and go, be cquall to the 


glucn 


let B B, the diſtan 
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giuen radius F C. Here the lines £49, A 50, A 90, may be 
called the /aterall ines of 40,50,8 90mm regard of their place 
on the [ſides of the Sefor, The lines betweene 40 and qo, be- 
eweene Fo and 50, betweene yo and 'go, may be called the 
paralell fines of 40,50,and 90; m regard they are parallel! one 
to the other, The whole line of go Gr. here ſtanding for the 
femidiameter of the circle, may be called the Radius, And 
therefore if A C be pur over in the line of Sizes in 90 and 90, 
and ſo made aparelieltradines, his parallell fine berweene:igo 
and 50, ſhall be B D, the ſine of 50 required, And becauſe 
50 taken out of go, the complement is 40;his paralel fine be- 
eweene 40 and4o, ſhall be BG, the line of the complement 
which wasrequired, - - 


2 The right ſine of any arke being ginen 
to finde the Radine, 


= the ſine given into a parallell fine, and his paral: 
lell Radins ſhall be the Radiws required, 

As if B D werethe giuen ſine of 50 Gr.andit were requi- 
red to finde the Radius: ler B D be made 2 parallell ſine of - 
50 Gr.by applying it ouer inthe lincs of Simer, betweene 50 
and 50; fo his parallel] Radius betweene go and go fhali be 
A C, the Radius required. 


3 The Radius of 4 circle, or the right Sine of any arke- 
being giuen, anda ftreight line reſembliag « Sine, 
to fond the quantitie of that unknowne Sine. 


Et the Radius or right ſince giuen be turned into his pa- 
LLraten, then take the right line giuen,and carrie it paral- 
Jell ro the former, till ir ſtay in like Sier: ſo the nuthber of 
degrees and minutes where it ſtayerh,ſhall giue the quauririe 
of che Sine required, 

As if BD were the giuen fine of 5o Gy. and B G the 
ſtreight line giuen: firſt [ make BD a purallell fine of 50 Gr; 
then keeping the Seftor at this angle, - caric the line B G 

| --: pt: 
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parallell, and find it to ſtay in no other but 4d and 40; and 
therefore 40 gr. is his quantitic required. 


- 4 | The Rediues or any right Sine being ginen, to finde 
= the werſedfine of any arke, | 


F the arke, whoſe verfed fine is required, be leiſe then the 
quadrant, take the fine of the complement our of the ra- 
dus; and the remainder ſhall be the nw verſas, the vericd 
fine of that atke. = | 

As if A B being the laterall Radiws,it were required to find 
ro find che verſcd fine of qo gr; here the fine of the come 
plement js A 50, and therefore B 50 is the verſed ſine requi- 
red. Or if I reckon from By,at the end of the Seor, toward 
the center, the diſtance from 90 to $0, is the verſed ſine of 
Io gr; from 90 to p0,the verſedline of 20 gr; from go to 6o, 
15 the verſed fine of 30 gr; and {o in the reſt. 

If A D be rhe giuen ſwe of 50 gr.and it be required to find 
the verſed ſine of 5o gr; here becauſe A D is vnequall to the 
laterall ſine of 5o gr, I make it a parallell. And firſt I findthe 
radius A C; then the ſince of the complement A 4o, which 
being taken out of !A C, leaueth C 4o for the verſed line 
of 50 gr.which was required, 

But if the arke,whoſe verſed line is required, be greater 
then the quadrant, his verſed fine alſo is greater then the 
Radirs, by the right ſine of his exceſle aboue go gr. 

AsSHAC being che Radius giuen,it were required to find 
the verſed (ine of 130 gr: here the exceile abouc go gr. 15 40 
gr; and therefore the verſed ſine required is equall rothe Ra- 
dius A C and A 40, both being ſer together, | 


5 The Diameter or Radius being ginen to finde 
the Chords of entry arke. 


The fines may be fitted many wayes to ſcrue for chords. 
1 A ſne being the, halfe 6f the chord of thedouble arke, 
if the ſine be doubled, it giueth the chord of the double ark, 
| a 
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2 Sine of to gy.doubled' giuerh a Chard of 20gr; and a Sine 
of t'5 gr. being doubledj'giuerh a Ghord of 30 gr; and ſo in 
the reſt. AzhereB Djrhe ſine ob B Cav arke of 40/gr. being 
doubled giuerh BE the chortof B-C'E; which is-an atke of 
80 gr. Wherefore if the Radius of the circle giuen be chuall 
co the laterall Radius, let the Seftor be opened neare vnto his 
length, ſochatborth the lines of Sines may make but one di- 
rect line: ſo the diſtance on the lines berweene 10 and 10, 
thalt be a chord of 20;rhe diſtance betweene 20 and- 20, ſhall 
| be a chord of 49; and the diſtance betweene 3o and 30, ſhall 
be a chord of 60; and fo in the reſt: 
..12 Becauſe a'(ine isrhebalfe ofthe chord of the double 
avks, the proportion holdoch: | 


Wu Tn 
p | 
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© SAFES CLOS , 1 as - il 
': 90 Go Fo 4 50 20 10 FRF 20 0 40 "Fo & 50 
As the diameter F H vnto the radivs A H, fo the chord 
B E-vatothe fine D E,orche chord G L varo the fine AL: 
_ andthen if the radius A H, be put for the diameter, which 
; 1sa,chord/of 1380. gr, che ſine,D E or AL ſhall ſexue for a 
\ chaxd of 8o gr, a. ehe ſemuradrus which is the {ine of 30 gr, 
ſhall ſferue for a chord of 60 gr, and goforthe ſemidiamerer 
of a circle, and ſoin the reſt.So that by theſe ieanes we ſhall 
not need to double the lines of Sinez as before, but onely to 
double the numbers. And to this purpoſe I hauc —_ 
Caca: 
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each degree of the ſines into two, (that fe.they mighe ſhew 


how far the halfe Eegneatiodenengts the fines, and yer ſtand 


for whole degrees wher» they are'vied as chords. | 
Wherefore if the Radius of the circle giuen :be equall to 
the lateral ſemiradius(rhe ſine of 30 Gr, Hord of fo Gr.) 


there needs no farther work then to take the ſine of 10 Gr. 
for a chord of 20.Gr. anda fine of 15 Gr.for:a chord of 39 Gr. 
&c. ls ©: IH 19-13 T7, ; 

But if the Radius of the circle giuen be. either greater or 
leſſer then the laterall ſemiradius, rake the diameter of it,and 
make it a parallel chord of 180 Gr.by applying it oucr the 
lines of Sines berween 90 and go:or take 2 Racius or Semi- 
diameter which is equall to the:chord of 60 Gr..and make it 
a parallel! Radius of 60 Gr.by applying it ouer in the ſines of 
3 and 30, and keepe the SeRor at this angle. The parallels 
caken from the laterall chords ſhall be the chords requi- 
red. | | 

As if the diameter of a circle giuen were the line A B, 
and it were required to find the chord of 8 gr: firſts I make 
A8 aparallell chord of 180 Gr. or the halte of it a parallell 
chord of 60 Gr; ſo his parallell L G doth giue me FG the 
chord of 80 Gr.which was required, 

3 Seeing that as the ine of the complement of the halfe 
arke is ynto the Radixs, ſo the line of the ſame whole arke 
is vnto the chord of it : if we ſecke but for one ſingle chord, 
we may finde it without either ——— lines, or dou- 
bling the number. For applying ouer the Radius giuen in 
the | ns of the complement of halfe the arke required,hispa- 
rallell ne ſhall be the chord required. 

As if the ſemidiameter of the circle giuen were A C, and 
it were required to find the chord of 40Gr:the halfe of 4o Gr. 
is 20 GF. the complement of 20 Gr.1s 70 Gr, Wheretore I 
make AC a parallell ſine of 70 Gr. and his parallell ſine GL 
doth giue me F G the chord of 40 Gr.agrecable to whe ſemi- 


diameter AC. 
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6 Thechord of any arke being giuen to find the 
diameter and Radius. 


TX the chord giuen vnto a parallcll chord,and his pa- 
rallell ſemiradius ſhall be the ſemidiameter, and the pa- 
rallel| radius ſhall be the diameter, 

As if F G be the chord of $0 gr. I pur this ouer in G and 
L, the ſine of 40, and chord of 80 gr. and the paralle}l chord 
of 180 gy. giueth me AB che diameter required, 

Or it I rurne the-chord giuen into a parallell line of the 
ſame quanrtie, his parallell ſine of the complement of halfc 
the arke,doth giue me the ſemidiamerer. 

Asif FG be thegiuen chord of 4o gr. I put it ouer in G 
and L,the lines of 40 gr ; 'then becauſe the halfe of 4o gr. is 
20 er, andthe complement of 20 gr.is 70 gr. I take our the 
parallell ſinc of 7o gr. and it giuerh me A C forthe ſemidia- 


a? 
meter, agreeable to that chord of 4o gr, 


7. The 


py» The generall ſe of Sines and Tangents} 


7 To open the Sefor to the quantitie of any 
| angle yiuen. 
8 TheSedtor being opened, ts find the quantitie 
of the angie, 


T* is one thing to openthe edges of the Sector to an angle, 
and another thing to open che lincs on the Sector to the 
ſame angle. For the lines ef {ines on che one (ide,& the lines 
of finer-on the other ſide,do make an angle of 2 gr, when the 
Sector is cloſeſhut, and the edges doe make no angle at all, 
So likewiſe the lines of Superficier and the lines of Solids doe 
miake an angle of 10 gr, which are to be allowed to the 
edges. 

he lines of /izes may be opened to a right angle, if the 
whole line of 100 parts be applied ouer in A and 60, 

The lines of fines may be opened to a right angle, if the 
large ſecant of 45 gr.be applied ouer in the (ines of 90 gr. or 
. if the ſine of go gr. be appliedouer in the ſinesof 45 gr.or it 
the ſine of 45 gr. be applicd ouer in the lines of 30 gr. 

If ir be required to open thole lines to any other angle, 
take out the chord thereof, and apply it ouer .in the ſemrr«- 
dams, and thoſe lines ſhall be opened to that angle. 

As if it were required to open the Sefor in the lines of 
ſes to.an angle of 40 gr, take out the chord of 4ogr, and 
ro it open the Setor in the chord of 6o gr; ſo ſhall the lines 
of fines be opened to theanglerequired. Or if the ſamechord 
of 40 Gr. be applied ouer betweene 5o and 50, in the lines 
of lines, they ſhall alſo be opened tothe ſame angle. Tf it be 
applicd ouer in 25 of the lines of Saperficier, or 125 in the 
lines of Solids, they alſo ſhall be opened to the ſame angle: 
becauſc the chord of 60 Gy. or ſine of 30 Gr. and 5o in the 
lines of ines, and:25 in thelines of Swperficies, and 125 in the 
Solids, are all ofthe ſamelengrth with the.ſemiradius, 

Or if the Semiradine be applicd ouer betweene the ſine of 
30 Gr. andthe line of the complement of che angle requi- 
red, ic will open the lines of Sines to that angle, 


As 
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'As if the ſemiradius be applied oner in the fines of 30 Gr, 
and the fine of 50-Gr, it ſhall open the lincs of Saves to an; an- 
gle of 40 Gr. | 
On the contrary,.if the Seftor be _—_ roan angle, and 
ir be required to know the quancitie thereof, opersthe com- 
pailes to the ſemiradius, and ſetting one foote in the. fine of 
30 Gr. turne the other toward the otherline of fines, and it 
ſhall fall chere in the complement-of cheangle;- if it fall on 
50 Gr. the angle 1540 Gr; if on 60 Gr.the angle is 30 Gr. &c, 
Or take ouer theparallell chord of 65 Gr. and meaſure ir 
in the laterall chord, and irſhall there ſhew the quantitie of 
the angle. . As if the Seftoy being opened to an-angle, I 
ſhouldirake oner+heparallelt 6f 30.Gy. of .che fines, 'and 68 
Gr.of che chords, and:meaſurre it-m the larerall-chords, find it 
to be 4o Grz.the _ compreſrended betweene'the lines of 
Sines 15 40 Gr. bur the angle betweene the edges of the 'Se> 
Qor:is2 Gr. lelle, and therefore but 3$ Gr, 


9 To finde the quaniitic of any angle gintn. 


|þ out of the angplar point,'to the quantitie of the Semi- 
radins,be deſcribed an occult arke thar may cut both ſides 
of the angle, - the chord of this arke meaſured in the lacerall 
chord,ſhall give rhe quantitte of the angle. 

Let the angle giuen be B A C: firſt I rakethe Somiradins 
with the compatles, and ferring one foote in A, I cut che 
tides of the angle-in B aud C; then I-takecthe chord B C,and 
meaſure # in the laterall chord, and I find it cobe1t Gr. and 
a5 M. andſuch is the quantitie of the angle giuen.. - 


— em, em —_—rw@l - a 
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Orif the arke be deſcribed out of the angular pom at a» 
ny ocher diſtance, let the femiudiamerer be turacd into a pa- 
| H rallcll 
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rallell chord of 60 Gr. then take the chord of this arke, ' and 
carric it parallel} till it crofſe in like chords : ſo the place 
where it ſtayeth ſhall giue the quancitie of the angle, 

. Asin-the former-example,if I make rhe ſemidiameter A B 
2/paallell chord of 60 Gr.and then keeping the Sefor ar chat 
angle ,. carrie the chord B Cparallell, till it ſtay in like 
chords; I ſhall gnde ir to tay in no other. but 2x Gr. 15 Af. 
andiſufh is the angle B AC, PH 


10 Ypon « right line and a point given in it, to make 
an angle equall to any angle ginen. 


FE; rſt out of the point giuen deſcribe-aut arke,, cutting the 
ſame line: then by the 5.Prop.afore, find the chord of the 
angle gen agreeable torheſemidiameter , and inſcribe it 
into this arke : ſo a right line drawne through che poine giz, 
ucn,andthe end of > chord,ſhall be the lide that makes vp 
the angle. 

Locks right bne giuen bee F B, and the point giuen in 
it be , wk the angle giuen be 11 gr. 15 w. Here I open 
the compalles to any —— A B, (but as oft as I may 
conueniently to the laterall ſemiradius) and ſetting one foor 
in 4, I deſcribe an occult arke BC; then 1 ſecke out the 
chord of 11 gr.15 wv. and taking it with the compalles, I {ct 
one foote in B, the other crotlerh che arke in C, by which 
I draw the line A C, and it makes vp the angle required. 


11 Todinide the circumference of  circls. 
into any parts required. + | 


F 360 the mcalure of the whole circumference be dinided 
by che number of parts required, the quotient giuerh the 
chord, which being tound will diuide 4 circumference, 
So a chord of 120 gr. will divide the circumference into 
3 £quall parts; a chord of go gr:anto 4 parts; a chord of 72 gr. 
into 5 parts; a chord of 60 gr.into 6 partsza chord of 5 2 gr:26. 
into 7 parts; a chord of 45 gr.into 8 parts z a chord of 40 gr- 
mo 


i 
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meo 9 parts 2 chord of 36gy.into ro parts; a chord of 32 gr, 


44 m.into 11 parts; a chord of 30 gr.into #2 parts. ; 

* Irv like maner if it be required ro diuide the circumference 
of the circle, whoſe ſemidiameter is 4 B,into 32: firſt I take 
che ſemidiameter A B,and make it aprralle!t chord of 60 gr, 
then becauſe 360 gy. being diuided by 32, the quotient will 


be x41 gr.r5 w.I find the paralſell chordof rx gr.r5 w.mnd this 


will duuide the circumference into 32, 

But here the parts being many, it were better to diuide it 
frſt into fewer, and after to come ouer it againe. As firſt to 
diuide the circumference into 4, and then each 4 parts into 


8, or otherwiſc, as the parts may be diuided, 


12 To divide a right line by extreme and 
| meane proportion, 


TY e line to be diujded by extreme and mean propor- 
tion, hath che ſame proportion to his greater ſegment, 
a in figures infcribed in the ſame circle, the fide of an hexa- 
gon a figure of ſix angles, hath to a ſide of a-decagon a figure of 


cen angles.: but the {ide of a bexagos is a chord of bo gr. and: 


the {ide of a decagon 1s a chord of 36 pr. 
Ler AB be the line to be dinided: if I make A B a paral- 
lell chord of 60 gr.and to this ſemidiameter find A C a chord 
of 36 gr. this A C ſhall be the greater ſegment, dmuiding the 
whole line in C, by extreme and meane proportion.So that, 
As AB the whole ine is vato A C < 
{o A C the greater ſegment vnto C B the lefler ſegment. 
Orlet AC be the greater ſegment giuen: if 1 m_ this 
a parallell chord of 36 gr. the correſpondent ſemidiameter 
ſhall be the whole line 4 C,and the difference C B the leſſer 


ſegment. 


A C 


————_— 
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'OrlerC B bethe leſſer ſegment given: if I make this a 


parallell chord of 36 gr, che correſpondent C— 
H 3 1al 


1e greater ſegment: / 


Td 
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ſhall be greater ſegment A C, which added to CB, giuerh 


che whole linc A B. 

To auoid doubling of lines or — may pur ouer 
the whole line in the Sines of 72 gr. and the parallell ſine of 
36 gr. ſhall be the greater ſegment. 

Or if you pur over the weeks line in the ſines of 54 gr, 
the parallel! ſine of 30 gr. ſhall be the greater ſegment, and 
the parallel ſine of 18 gr.ſhall be the le(ler ſegment, 


CHAP. IIL 
Of the projelion of the Sphere in Plano. 
a Jar Sphere may be proieed in Pharos in ſtreight lines, 


as in the Analemma, if che ſemidiameter of the circle 
giuen bediuided in ſuch ſort asthe line of Simmer on the Se- 
tor. | | 
As ifthe Radius of the circle gruen were AF, the circle 
thereon deſcribed may repreſent the plane of the penerall 
meridian,which diuided into foure equal parts in E,P,.\f,S, 
and crolled ar-right angles wich-E e& and P S, the diamerer 
E& ſhall repreſent the equator, and P:S the circle of the 
houre of 6. And it is alſo the axis of the world, wherein P 
ſtands forthe North-pole , and S for the South pole.. Then 
may cachquarter of the meridian be diuided into 9o:gr.from 
the equator cowards the poles.In which if we number 23 gy, 
30:w.the greateſt declination of the Sun from E to 69 North- 
wards,frome#E to W Southward, the line drawne from 69 to 
W.ſhal be theecliptique, andthe lines drawne parallel tothe 
equator throuph:® and vſhall-be the tropiques. 
— Haning theſe common ſeions with the plane-of theme- 
ridian,if we ſhall diuide each diameter of the Ecliprique into - 
90 gr. in ſuch fort as the Sine are divided on the Setor. The 
firſt 30gr. from A toward 69,ſhall ſtand for the ſine of V.The 
3ogr. next following forv. The reſt for T. S. MN. &c. in their 
order. So char by theſe meanes ye hauc the place ofthe Sun 
for all cumes of the-yeare. | 4 if 
þ Jf 
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If againe we diuide A P, A'S, in the like ſort, and ſer to 
the numbers 10. 20. 3o. &c, ynto go gr. the lines drawne 
through each of theſe degrees parallell to the equaror, ſhall 
owe declination of the Sunne,and repreſent the parallels 
of lacitude. 

If farther we dyuide A F, Ae, and his parallels in the 
like fort, and then carefully draw a linc through cach '15 gr. 
ſo asit makes no angles; the lines ſo drawne ſhall be ellpricall 
and repreſent the houre-circles, The meridian PE 4 the 

oure 


a Of the proiettien of the Sphere, 
houre of 12 at noone; that next vnto it drawne through 
75 gr. from the center the houres of 21 and 1, that which is 
drawne through 6o gr, from the center the houres of 10 and 
2, &c. 

Then hauing reſped vnto the latitude,we may number it 
from E Northward vnto Z, and there place the zenith : by 
which and the center the line drawne Z A N ſhall repreſent 
the yercicall circle , paſling chrough the zenith and nadir 
Faſt and Weſt,and the line MA H crolling !tat right angles 
ſhall repreſent the horizon. 

Theſe rwo boy diuided in the fame ſort as the ecliptique 
and the equator, the line drawne through each degree of the 
temidiamererieA Z, parallcell to the horizon,hall be the cir- 
cles of altitude , and the diuilions in the horizon and his pa- 
rallels ſhall give the azimuth. 

Laſtly, if through 18 gr. m AN, be drawne a right line 
IK paralletl to the horizon, it ſhall ſhew the time when the 
day Crdktant the end of the twilight. 

For cxample of this proieCtion, let the place of the Sunne 
be the laſt degree of &,the parallell pafling through this place 
is LD, and therefore the meridian altitude ML, an@the de- 
preſſion below the Rorizon at — H D: the ſemidinir- 
nall arke LC, the ſeminocturnall arke C D, the declination 
AB, the aſcentionall difference BC, the amplitude of afſcen- 
on A C. The difference betweene the ies twilight and 
the day breake 1s very ſmall; for it ſeemes the parallel of the 
Sunne doth hardly croſte the line of ewilight. 

If the altitude of the Sunne be guen,let a line be drawne 
for it parallell to che horizon; fo it ſhall croffe the parallell of 
the Sunne, and there ſhew both the azimuth and the houre 
of the day. As if the place of the Sunne being giuen as be- 
fore,the altirude in the morning were found to be 20 gr. the 
line F G drawne parallell cothe horizon through 20 gy, in 
AZ. would crolle the parallell of the Sunnc in &@. Where- 
fore F © ſheweth the azimutch,& L © the quanritic of houres 
from the meridian. It ſeemes to be about halfe an houre 
pait G in the morning , and yetinore then halfe a _ 

ſhorc 
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Of the proietFion of the Sphere. $7 
ſhort of the Eaſt. : - 

The diſtance of two places may be alſo ſhewed by this pro- 
zection,their latirudes being knowne,and their difference of 
longitade. | 

For ſuppoſe a place in the Eaſt of Arabia, hauing 20gr.of 
North lacteude,whoſ e difference of longitude from London | 
is found byan eclipſe tobe 5 þs.5. Let Z be the zenith of 
London ; the parallel}-of latitude for that other place muſt 
be LD, in which the difference of longirude is L ©.Where- 


-fore © R—_— che ſire of that place, I draw through © 


a pardllell ro the horizon M H, croſſing the verticall AZ 
neare about 70 gr. from the zenith , which multiplied by 
20, ſheweth the diſtance of London, andthat place to be 
1400 leagues, Or multiplicd by 60,to be 4200 nules. 


2 The Sphere may be proietted in pleno by circular lines, 
as in the generall aſtrolabe of Gemme Friſine, by the help of 
che tangent onthe ſide of the Sector. 

For let the circle giuen repreſent the plane of the general! 
meridian as before; let it be dinided into foure parts, and 
crolled at right angles with EE the equator, and PS the 
circle of the hourc of 6, wherein P ſtands for the North pole 
and F for the South pole. Ler each quarter of the meridian 
be dinided into 9ogr. and ſothe whole into 360, beginning 
from P,and ſetting tothe numbers of 10,20,3 0.8&c.90 ate/£, 
180 at $,270 at E, 36o at P. The ſemidiameters AP, A et, 
AS, A E,may be diuided according to the tangents of halte 
their arkes,thac is a tangent of 45 gr. which is alwayes equall 
to the Radius,ſhall giue the ſemidiameter of go gr; a tangent 
of 40 gr. ſhall giue 8o gr. in the ſemidiameter:_a tangent of 
75 gr.ſhall giue 70.&c. So that the ſemidiametersmay be di- 
uided inſuch ſort as the tangent on the ſide of the Sector, 
the difference being onely in their numbers, 

Hauing diuided the circumference and the ſemidiame- 
vers, we may caſily draw the meridians and the parallels by 
the helpe of the Seor. | ; NE 

ie 
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The meridians are to be drawic "through both che poles 

P ands, and the degrees before, graduated in the, cquaror, 
The diſtance of the center of each meridian from A 2 2 Cen- 
ter of the plane, 1s equall cothe tingent of the ſame meri- 
dian, reckoned from the generall meridian Pe/fS E, and 
che {emidiaineter cquall to the ſecant of the ſame degree. 
As for example, if I ſhould draiv the meridian P B S,which 
xKhetenth from Pe/fS,, the tangent of 10 er. gineth me 
AC; and the {ecant of 10 gr.giucth me S C,whercot C is the 
center 
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center of the meridian P BS, and C'S his ſemidiameter. : ſo 
A F a tangent of 20 gr. ſheweth F co.be the center of PDS, 
the twentith meridian from Pe/£S, and AG 2 tangent of 
23 gr.30 21. ſheweth G ro be the center of P'69S, &c. 

The parallels are to be drawne through tho degrees, in 
AP, AS, and their correſpondent degrees in the gencrall 
meridian. The diſtance of the center of each parallell trom 4 
the center of the plane, 1s equall ro the {ecant of the ſame pa- 
raltcl trom the pole, and the ſemidiameter equall to the tan- 
ptm of the ſamedegree, As if I ſhould draw the parallel}! of 
86'gr. Which is the- rench from tho pole S,: firſt:'I * open. ghe 
compallesvnto A C the tangent of 10 gr. and this ginerch me 
che ſemudiameter of this paralle}, whoſe center is a lictle from 
S, in ſuch diſtance as theſecantS C is longer then the radius 
SA, 1..4 FLY f 

The meridians and parallels being drawne, if we untmber 
23 gr.30 mm. from E to S Northward, from e& to Wy South- 
ward , the line drawne from S to W ſhall be the ecliprique : 
which being divided in ſuch fort as the ſemidiameter A P, 
che firſt 30 gr. from A to &. ſhall ſtand forthe fine of y; the 
as dE tollowing for&; the reſt for I. B-A. &c. m their 
Oragcr, 

It farther we hane reſpe& vntorhe Jatirude,we may num- 
ber ir from E Northward vnto Z,and chere place the zenith, 
by which and the center, the line drawne Z A 7 ſhall repre- 
ſent the yerticall circle, and the line 44 A H croſling it at 
right angles, ſhall repreſent the horizon z and theſe druzded 
in the ſame ſort as P, the circles drawne through each 
degree of theſemidiameter «AZ; parallell ro the horizan, 
Nall be the circles of altitude:and the circles drawne through 
the horizon and hispoles,ſhall give the azimuths, 4 

For example of this proiction,let the place of the Sunne 
be m the 9c. da the parallell pating through this 
place is © Lzandr crefore the meridian altirude M4 Land 
the depreſſion below.rhe horizon ar midnight Hzx,the lemi- 
diurnall arke L ©, the ſeminocurnall arke O@, the decli- 


nation AR, the aſcenlionall difference R ©, the _—_ 
I 2 tude 
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rude of aftenſion 4 ©.” I {4% it8i ” 

Or if eF be put to repreſent the pole of the world , chen 
ſhall PeASE ftand for the equator , and P S FW for the 
ecliptique, and the reſt which before ſtood for meridians, 
inay now ſerue for particular horizons, according ro their 
{enerall eleuations. Then ſuppoſe the place of the Sunne gi- 
ucn to be 24 gy. of S, his longitude ſhall be PZ, his righr af- 
cenfion P H, hisdeclination H7, Andif the place giuen be 
19 gr.of 1, his longitude ſhal be P K,his right aſcenſion PX, 
his declination N K. Againe,the declination broughe tothe 
horizon pf the place, ſhall there ſhew the aſcentionall diffe- 


rence, amplitude of aſcenſion , and the like concluſions of 
the -es Bur I intend not here to ſhew the vie of the A- 
ſtrolabe, bur thevſe of the Seor in proiettion. 


And after this mancr may a noQturnall be proiced to 


ſhew the houre of the night, whereof I will ſer downe a 
type for the vſc of Sea-men. 


kc 
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[t'conſiſts as youſee of two parts, the one js a plane,diui- 
ded equally according to the 24 houres of the day, and each 
houre into quarters or minuees, -as rhe plane will beare: the 
line from che center-ro X I-I; ſtandsfor the meridian , and 
X I I ſtands for the houre of 12 ar midnighr. The other parc 
isa rundle for ſuch ftarres as are neare the North pole, toge- 
cher with the twelue moneths,and the dayes of each monerh 
ficted to the right aſcenſion of the ſtarres. Thoſe that haue 
occalion to ſec che Sourh pole, may do the like for the Sou- 
therne conſtellations, and put them in a rundle on the back 
of chis plane, arid fo ir may ſerue for all the world. 

The vſc of this nofturnall is eafic and ready. For looke vp 
to the pole,and ſee what ſtarres are neare the meridian, then 
place & rundle to the like (ituation; ſo the day of the mo- 
neth will ſhew the houre of the night. 


3 The Sphere may be proiced in plaxeby circular lines, 
as inthe particular Aſtrolabe of /oh.Stophlerin, by help of the 
rangent,as before. 

For let the circle giuen repreſent the tropique of vy, ler ic 
be diuided intofoure parts, and croſſed atrighr angles wich 
AC the equinoRtall colure , and MB the olftiriall colure, 
and generall meridian , the cencer P repreſenting the pole 
of the world. Let each quarter be diuided into go gr. and ſo 
the whole into 360, beginning from A towards B, The me- 
ridian P 44,or Þ B, may be divided according to the tangent 
of halfe his arke. So asthe arke from the North-pole to the 
tropique of W, being 90 gr. and 23 gr.30 mw. thatis 113 gr.. 
30 wv. and the halfe arke 56 gr. 45 m. the nftridian ſhall. be di- 
mided into go gr. and 23 gy.30 my. inſuch ſort as the tangent 
of 56 gr.q5 m. on the (ide of the Seftor is divided into de- 
grees and halfe degrees; of which Pe the arke of the equa- 
ror go gr.from the polc,ſhall be giu& by the tangent of 45 gr. 


And P 69the arke of the Summer tropique 66 gr.3z0m.trom 


che pole, ſhall be gruen by the tangent of 33:gr.1 529; And 

the circles drawne vpon the center P through and S,ſhall 
be the equator, and the Summer tropique, 

Hauing the equator and both the tropiques,. the echp- 

| T2 rique 
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tique Y' $ = W ſhall bedrawne from the one tropique t5 
the other, through the interſeion of the —_— and the 
cquinoGtiall colure, And it may be diuided firſt into the 
twelue Signes after thismaner: 'P E thearke of the pole of. 
the ecliptique 23 gr. 30 w, from the poleiof the world,. fall 
be given by che tangent of 21 gr. 45 #s9, The center of the 
circle of Jongitude paſſing through-chis pow E and =,fhal 
be found at;D (ſomewhat below B) by-the tangent of G6 gr, 
39.9. Then through, D draw an.occult lige paralle}l ro 4 C, 
and dinidc jt on each (ide from D,in ſuch4orr asthe raugenr 
is ciuided on the {ide of the Sefor, allowing 45 gr. to be e- 
quallco DE. So the thirtith degree from D coward the 
right hand,ſhall be the center of the circle of longitude paj- 
ſing chraugh E& and, The fixtith degree, the center of I 
Ez. The Pircieh degree from D toward the left hand, the- 
center of X E Wt, The ſixtith,the center of x EN, And the 
other intermediate'degrecs ſhal be the centers to diuide.cach 
Signc into 30 gr. = 

Tf farther we bane reſpe@ ynto the latitude , we may (the 
meridian being before diuided) numberit from P Northward 
vnto H, and there place the North inter{eQion of the meri- 
dian and horizon: then the complement of the latitude be- 
ing numbred from P Southward vnto Z,ſhall there giue the 
zenith; and go gr.from Z Southward vnto F,ſhall there giue 
the South interſection of the-meridian and horizon. The 
middle betweene F and H ſhall be G the center of the hori- 
zon Y H 2 F, paſling through the beginning of V and =, 
valelle there be ſome former error, 

Al parallelsto fe horizon may be found iy like ſort by 
cheir interſeions with the meridian, and the middle bc- 
rweene thoſe interſe&ions is.alwayes the center. 

The azimuths may be drawne as the circles of longitude 
were before. For the centerof che firſt verticall Y Z = will 
be foundat 7 (ſomewhat neare vnto B)by the tangent of the 
latirude. And if through 1 we draw an occult line parallell to 
AC, and diuide it on cach ſide from 7,in ſuch ſort as the tan- 
gent js divided on the (ide of the Seffor,allowing 45 gr. to be 


equall 
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equall to' } 27 theſe Jiuiſidnsfhall be rhe centers, -arid the 
dittance from thefe'diuiſions wiies'Z hall be che ſemidiame- 
ters whereon to deſcribe tire et of theaZFimichs 

| For wy ee 18h; {© rhe plr&- df the Sun 
| giuen betd yr.of&: 3 night finedrvwheftotrep through this 
place ynts the equytbr, Jhalf'tliereheiw hisrigheaſtenlion 
VK, and his dedinario KY, Thenmay weowelic center P 
and femidiammerer'© Pdf occult patallell of detlinatis, 
croſſingthe herizor in £ and MH; the theridian'in Gand NN. 
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- 64 Of the projeFion of the Sphere. 
So the rightlines PZ and P Ad produced,ſhall ſhew the time 
of the Sunnes riling and ſetting , Y.® the difference of aſ- 
cenſion, = thedifference of delcenſion, Y L the amplitude 
of his riſing, and= M the amplitude of his ſerting. LG M4 
ſheweth the length of the day, LNAM the length of the 
night. Z G ſheweth his diſtance fromehe zenith at noone, 
H N his depreſſion below the horizon at midnight. And then 
hauing the alticude of the Sunne at any time of the day, the 
mterſetion of the paralle[Tof altitude with the parallell of 
declination, ſheweth the azimuth , and a right line drawne 
from ® through this interſe&tis,giueth rhe houre of the day, 


4 The Sphere may be proiced in pleno by circular lines, 
afrer the maner of the oldconcauc hemiſphere, by the help 
of the tangent on theſide of the Seftor, _.. 

For let the circle given repreſent the plane of the hori- 
Zon, ler it be diuided into foure parts, and crofled ar right 
angles with &N the meridian, andEZ Y the verticall; ſo as $ 
may ſtand for the South, N for the North, Z che Eaſt, F the 
Weſt part of the horizon, and the center Z repreſenteth the 
zenith, Let cach quartcr of thehorizon be divided into go 
gr. and ſo the whole into 360 gr. beginning from N,and ſer- 
ting to the numbers of 20.20. 30.&c, 90 at E, 180 at &, 270 
at Y, 360 at N. 

The ſemidiameters Z N, Z 8, may be diuided according 
ro the tangent of halfe their arkes:So as the arke from the zc- 
nith to the horizon being go gr. and the halfe arke 45 gr. 
the ſemidiameters are robe diuided in ſuch fort as the tan- 
gent of 45 gr. a5 was ſhewed before in the ſecond proieion, 
Andiffrom Z we draw circles through each of theſe diuzſi- 
ons,they ſhall be parallels of altitude... a 

Then hauing reſpe& vnco the latirnde, we may (the me- 
fidian being betorediuided) number it-fromZ coeE, and 
there place the inzcr{eQion of the meridian and equator, 
The complement of the latitude from Z vnto F, ſhall there 
giue the pole of the world, and go further from P ſhallthere 
give the, other inter{eftion of the meridian and ce, 

1C 


Of the projet ion of the Sphere, 65 
B: 


CE ADEEY 
The middle betweene theſe interſe ions ſnall be 4,the cen- 
rer of the equator,paſſing through E and Y,vnlelle there be 
ſome former error. The interſections of the tropiques de- 
pend dn the equator. Frome 23 gr. 30 w.farcher ſhal be w, 
che interſe&ion of the nieridian & the Southerne tropiqus, 
Frome 23 gr.30 w.ncarer ſhall be 5,the interſeAion of the 
meridian and the Northerne tropique. The interſeQtions of 
the other intermediat parallels, frat be giuen in like ſort,by 
hep degrazpof Gſtincy from the equaror , 5 Eng 
C- 
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berweene thoſe interſeions is alwayes the center, 

The houre circles may be here drawne as the azimutths in 
the third proieQion. For the centerof E P Y, the houre of 6 
will befound at B (ſomewhat neare vnto N) by the tangent 
of the latitude. And if through B we draw an occult line pa- 
rallellvnto E 7; and'diuide 1t on each ſide from B, in ſuch 
ſort as the tangent is diuided on the ſide of the Seftor,allow- 
ing 45 gr. to be equall to B P, and rg gr. for every houre: 
thoſe dmiſions ſhall be the centers, and the diſtance from 
theſe diviſions vnto P, ſhall be the ſemidiameters, whereon 
to deſcribe the reſt of the houre circles. 

T he ecliptique may be drawne as the equator. For the 
center of that halfe which hath Southerne AfFination, ſhall 
be giuen by the tangent of the altirude, which che Sun hath 
in his entrance into W. And the center of the other halfe, by 
the tangent of his alcirudezat hisentrance into S,Andit may 
be Sinedinn in the former prote(tion, or elſe by tables cal- 
culated to that purpoſe. 

To theſe circles thus drawne,if we ſhall adde the moneths 
of the yeare, and the dayes of cach moneth , as we may well 
doc, at the horizon, on either ſide-berweene the tropiques; 
this proieCtion ſhall be-fitred for themoſt vſetull concluſions 
of the globe. 

For the day of the monecth being giuen, the parallel! that 
ſhooteth on it, doth ſhew what declination the Sunne hath 
at that time of the yeare, And where this parallell croſſerh 
the ecliptique, there is the place of the Sunne. Or the place 
of the Sunne being firſt giuen,theparallell which crotleth it 
ſhall at the horizon ſhew the day of the moneth . Either of 
theſe then being giuen,or onely the parallell of declination, 
we may follow it Fr vnto-the horizon , there the diſtance 
of the end of the parallell from E or Y, ſheweth the ampli- 
rude; the ſame among the houre circles ſhewerh the tune 
when the Sunne riſeth or ſetteth. Then having the altirude 
of the Sunne at any time of the day, the interſeQion of the 
parallell of declination with the parallell of altitude, ſheweth 
the houre of the day ; and a right line drawne from Z 


through 
3 
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chrough this interſection to the horizon , giueth the azi- 


murh, 

Thus in either of theſe proieQtions, that which is other- 
wiſe moſt troubleſome;is eaſily done by the help of the ran- 
gent line: and what I haue ſaid of this line, che ſame may be 
wrought by ſcale and numbers out of the table of Tangents. 


CHAP. IV. 
Of the reſolution of right-line Triangles. 


" 


T all Triangles there being ſix parts, viz. three angles and 


three ſides, any three of them being giuen, the reſt may 


be found by the Sefor, 


As in 4 Rectangle triangle, 
1 To finde thebaſe , both ſides betws ginen. 


Let the Seftoy be a_oney in the lines of Lies to a right 
angle, (as before was ſhewed Cap.2. Prop.7.) then take our 
the ſides ef thetriangle, and lay them,one on one line, the 
other on the other line, ſo as they meete in the center, and 
marke how farre they extend. For the line taken from the 
termes of their extenſion,ſhall be the baſe required, viz. the 
fide oppoſite to the right angle. 

Or adde the ſquares of the two ſides(as in Prop.4.Supert.) 
andthe ſide of the compound ſquare ſhall be che baſe. 


2 To find the baſe by haning the angles, 
and one of the [ides giuen. 


T ake the fide giuen, andturne it into the parallell fine of 


hisoppolite angle; ſo the parallel] Radius ſhall be the bale. 


3 Toefinda ſide by having the baſe, 
and the othey fide ginen. 


Let the Sector be opehed jn the lines of Jines to a right 
| 7 "M0 angle, 
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angle, and the ſide ginen laid on one of thoſe lines from 
che center; then take the baſe with apaire of compaſles, and 
ſctting one foete in the terme of the-giuen lide, turne the 
other to the other line of- the Sector, and it ſhall there ſhew 
the (ide required. | 24 

Or take the ſquare of the ſide out of the ſquare of the baſe 
(as in Prop.4. Swperf.) and the {ide of che remaining ſquare 
ſhall be the ſide required, 


4 To finda ſide hawing the baſe 
and the angles giuen. 


Take the baſe giuen, and make it a paralle!l-Radius, ſo 
the parallel! ſues of che anglcs,thall be che oppolite ſides ro- 
quired. 


5 To find aſide by having the other ſide 


nd the angles green, 


Take the ſide giuen, and eurne it into his parallel] fwe .of 


hi+oppoſite angle ; ſo the parallcll fine of the complemenr 
ſhall be the ſide required, 


.6 To find the angles by hauing the baſe 
and one of the ſides ginen. 


Firſt take ont the baſe giuen, and laying it on both ſides 
of the SeQor, ſo as they may meete in the center, and marke_ 
how farre itextendeth.. Then take out the lacerall Radius, 
and to it- open the Se(tor in the rermes of the baſe, This 
done, take out the ſide giuen, and place it alſo on the ſame 
lines of the Setor from the center. For the parallel] taken 
in the termes of this fide, ſhall be the ſine of his oppoſite 
angle. 

Dr take the baſe giuen , and make it 2 parallell Radius; 


then take the ſide giuen, and carrie it parallell to the baſe, 


. till jr ſtay in like we? ; ſo they ſhall give the quantitie of 


the 
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the oppoſite angle. 


7 To finde tha anzlesby having both the 
ſides ginen. 


Take out the greater ſide, and lay it on both ſides of the 
SeQor, {o as they meete in the center, and marke how farre 
it extendeth. Then take the other ſide,and to it open the Se- 
Qor in the termes of the greater ſide ſo the parallell/Radius 
ſhall be the tangent of the letTer angle. The third angle is al- 
wayes womdaes, the complement. 


& The Radins being giuen to findthe tangent, 
and [ecant of any arke. 
9 The tangent of any arke being ginen,to find 
the tangent thereof, and the Radims. 
io The ſecant of any arke being ginen, to find 
the tangent thereof,aud the Radiwe. 


The tangent,and the ſecant, together with the Radius of 
cuery arke,do make a.right angle triangle; whoſe [ides are 
the Radius and tangent, and the bale alwayes the ſecanty and 
the angles alwaycs knowne by reaſon of the giuen arkes. 
Wheretore the {olution is the ſame with thoſe before. 


In any rieht-lined triangle whatſocuer, 
11 To find ſide by knowing the other two ſides, 
and the angle contained by thew. 


Let the Sefor be opened in the lines of lines to the angle 
;uech, then take out the ſides of the triangle,& laying them 
S one on the oneline, the other on the other, ſo as they 
meete in the center,marke how far they extend. For the line 
taken betweene the rermes of their extenſion , ſhall be che 


third ſide required, 
K 3 x3 Ts 
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12 To find « ſide by hauing the other two ides, 
and one of the adiacent angles, ſoitbe 
knowne which of the other angles 
& acute or oblique. 


Let the Sefor be opened in the lines of liner to the angle 
iven,and the adiacent ſide layd on one of thoſe lines from 
Je center; then take the other fide with a paire of compal- 
ſes, and ſetting one foote in the terme of the former giuen 
ſide,turne the other to the other line of the Sefor which here 
repreſcnteth the ſide _— , and it ſhall croſle it in two 
places;but with which of them 1s the terme of the [ide requi- 
red, muſt be iudged by the angle. 

As if in the triangle following, the ſide A C being given, 
and the fide CD andthe angle C A D 18 gr. 40m. it were re- 
quired to find the fide A D. | 

Firſt I open the SeQor in the lines of liner to an angle of 
18 gr.q0 », and laying the adiacent ſide from the center FL, 
it extendeth ro $oo in C.Then I take the other fide CD with 
the compalles,and ſetting one foote in C,and turning the o- 
ther to the other line of the Sefor, I find that it doth crotile 
it both in B and D; ſo that it is vncertaine whither the lide 
required be AB or AD, onely it may be idged by the an- 

le.Forif the inward angle where they crotle c obruſe, the 
ſide required is theleler; if it be acute,it 1s the greater, 


13 To find aſide by hauing the angles 
and one of the other ſides ginen. 


Take theſide giuen, and turne it into the parallell ſine of 


his oppoſite angle ; ſo the parallell fines of the other angle 
ſhall be rhe oppolite ſides required, 


4 7s 
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14 Tefind the proportion of the ſues 
by hazing the three angles. 


Take the laterall ſines of the angles, and meaſure chem in 
the line of /ines. For the numbers belonging to thoſe lines 
do giue the proportion of the {ides. 


15 To finde an angle by knowing the 
three ſides. 


Let the two containing lides be layd on the lines of the 
Sefor from the center, one on one line,and the other on the 
other; and let the third fide, which is oppoſite to the angle 
required, be fitted ouer in their termes: G ſhall the Sefor be 
epcned in thoſe lines to the quantitie of the angle required. 

The quantitic ofthis angle 1s found as in Cap.z. Prop.8. 


16 Tofinde an angle by bawing two ſides 


and one adiacent angle. 


Firſt take out the fide oppoſite to the angle giuen, and 
laying it on borh ſides of the Sector, ſo as they meere 1n the 
center,marke how farre it extenderh; then take out the late- 
rall ſine of the angle, and to it open the Sector in the termes 
of the firſt fide: this done, take our the other ſide gruen,and 
place it alſo on the ſame lines of the Sector from the center, 
for the parallels taken in the termes of this ſide , ſhall be the 
ſine of the angle oppolite to the ſecond fide; 

Or take out the ſide oppoſice to the angle giuen,and make 
It a parallel! ſine of that anglezthen take the other ſide ginen 
and carrie it parallell to the former, till ir ſtay in like ſines: 
ſorhey ſhall gue che quantitie of the angle oppoſite to the 
ſecond ſide. 


17 To 
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i7 Tofindean ancle by haging two ſides, 
and the angle cont ained by them. 


Firft find the third fide by the 11.Prop. and then the an- 
gles may be found by the 15.or 16.Prop. | 

For practiſe in each of theſe caſes, we may vſe the exam- 
ples following, wherein CE A,CEB,CED arerectangle 
im E;che reſt conſiſt of oblique angles, 


CAB 18gr. qom. 


ABC 126 x52 

ACB 234 28 

ACD 108 212 

ADC $33 8 

BCD 7; 44 , 
® 9 


F'62 BR. i9t Þ, 294 D 


For obſervation of _ the Seffor may have fights ſer 
on the moucable foote z 1o that by looking through them, 
the edges of the Seor may be applicd co the ſides of tho 
angle, 

Fox, 


_ en ee rao ere es rr er er a—_— 
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Reſolution of right-hneTrienghes 


For meaſuring of the ſides of lefler tri- 
angles, any ſcale may ſuffice,cither of feere, 
or inches, or leſſer parts. Bur for greater tri- 


angles, eſpecially for plotting, of grounds,]. 


hold it fit'to vie a chaine of foure perches 
in length, diuided into. an hundred links, 


For ſo the length being multiplied into ,, 


me the.. | 


the bredth, che fue laſt figuxes 


content in roods and perches by this Table 


the other figures toward the left hand , doe 
ſhew the number of acres direCtly, 

Asifin the former triagle FCD,the length 
AD be 9 chainesand$0o links, the bredth 
C E be 2 chaines and 56 links; theſe mul- 
tiplied giue the content for.che long ſquare 
2. 43200, the halfe whercof for the triangle 
is 1, 21600, that'is x acre, 21600 parts of 
100e00, -of which laſt fiue figures, 20000 


giue 32 perches, and che remainder 1606" 


giuc beter then two perches mare. 


" = 
Lo 
100000| 4 | © 

g000g| 3 24 
*86000/ 3| 8 
70000, 2 32 
5©Q09, 2 | of 
40000| 1 24] 
| z00do| I | $f 
20000] (33 
10000} 16 
| 9375] |'s 
8750} [1 
| 8125] |13 
7500] |I2 
_6875) jr 
6250| |16 
5625 9 
 500O 8 
4375 | 7 
3759/6 
3125} | 5 
2500] | < 
i875] | 3 
1250 2 
l 625) | 1 


94 ___ __ Roolwtion of Phevicall Triangles, 
CHAP. V. 
Of the reſolution of ſphericall triangles. 
E* our praQtiſe in ſphericall TT les, let A be the equi- 


no&iall point, AB an arke of the ecliptique repreſcn- 
cing che longirude of the, Sunne in che beginning of v,. 
B C an arke of the declinatiofifrom. the Sunne to the equa- 
tor, and AC an arke of the equator repreſenting the right 
aſcenſion. : 4 


- 


2.3-30 


Let B D bean arke of the horizon repreſenting the am- 
plitude of the Sunnes riſing from the Eaſt, and B E an arke 
of the hoxyizon for his ſetting from the Weſt: ſo DC ſhall be 
che difference of aſcenſion, and C FE the difference of deſcen- 
ſions AD the oblique aſcenſion, and AE the oblique de- 
ſcenſion of the fame place of che Sunne jn our latitude ar 
Oxford of 51 gr. 45 m. whoſe complement 38 gr. 15 m. is 
the angle at ZE andD. The triangles ACB, DCB, ECB, 
are reCtarplein C: the other AD B, AE B,conliſt cucry way 
of oblique angles, 


Or 
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Or to firan-example nearer tothe [{titude of London. Let 
Z P S repreſent the zenith poſe' and Sun, Z P being 38 gr. 
30 m.the complement of the latitude, P $ 70 gr.the comple- 
ment of the declinationzand Z $ 4ogr. the complement of 
the Suns altitude. The angle at Z ſhall ſhewthe azimuth, and 
theangle ar P,the houre of the day from the meridian. Then 
iffrom Z to PS we let downe a perpendicular Z R, we ſhall 
reduce the obhque triangle into two reftangle triangles 
ZRP,Z RS. Or if from Sto Z Þ welet downe a perpen- 
dicular S 2, we ſhall reduce the ſameZ P S'into two other 
triangles,SMZ, $ MH P, reftangle ar EM: whatſocuer is ſaid 
of any of theſe triangles, the ſame holdeth for all other tri- 
angles in the like caſes. 

For the reſolution of cach of theſe,there be ſeuecral wayes. 
F onely chuſe, thoſe which are fitteſt for the Sefor, wherein 
if that be remembred which before isſhewed in the generall 
vie of the Settor concerning laterall and parallell entrance, 
it may ſuffice onely ro ſet downe the proportion of the three 
parts giuen to.the forth require, and 1o I ſthew firſt -by.che 
lines alone, ES ERIE TR. 
LMI , In 


76. Reſolution of ſphericall triangles. 
| In a reflangle triangle 


1 To finde « fide by knowing the baſe, and the 
angle oppojite to the required [iae. 


As the Radius . 
13 to the ſine of the baſe: 
So the fine of the oppoſtte angle 
to the ſine of the {ide required. 


Asin the reQangle AC B,hauing the baſe 4, the plage 
ef the Sunne 30 gr.from the equinectaall point, and the an- 
gle B 1C of 23 gr.30m. che greateſt declination, if it were 
required to find the (fide B C the declination of the Sunne, 

Take eicher che latera!l ſince of 23 gr.zow. and make ic a 
parallel! Radius; ſo the parallel] fine ot 30 gr.caken and-mea- 
ſured in the ſide of the SeQox, ſhall gue the lide required 
21 £7 .3aw. Ortake the ſine of 30 gr.anc make it a paralle}! 
Radius;fothe parallell fine of 23 gr.30 m.taken and meaſured 
in:che lacerall ſincs,ſhall be xx gr. 38. wv. as before. 

Sn in the triangle ZP $ hauingZ P 38 gr. zom.. and the 
angle P 319gr.34m.giucn,we ſhall find che perpendicular 
ZR to be 19 gr.1 m; or hauing PS 70gr.and the (aid 
angle P 31gr.349.giucn,we may finde. the perpendicular 
S Mrto be 29 gr.28 m. 


2. To findea {rd by knowing the baſe 
and the other (ide. 


As the ſine of the complement of the ſide giuen 
isro the Radius: 
So the ſine ofthe complement of the baſe 
to the line of the complement of the ſide required, 


Soin rhe reQangle AC Bjhaving AB 3ogrand BC 11 gr, 

30m9.g1ucn, the fide eF C will be found 27 gr.54 m. 
Or inthe retangle ZR having Z.P 38 gr.30 w.and Z'R 
£9gr7.1m.giucn, he ſide R P will be found 34 gr.7 ws. bh 
- 3 40 


——_—_ T_T 


Reſalution of ſpherical triaugles, 77 


3 Tofiads (ide by knowing the iws 
oblique angles. 


As the fine of either angle 
to the (ine of the complement of the other angle: 
So is the Radius 
to the ſine of the complement of the ſide oppolite 
to the ſecond angle. 


So inthe reQtangle AC B,hauing CA B for the firſt ws 
23gr.30m.and FBC ſor the ſecond 69. gr.21 w.the (ide A C 
will be found 27 gr.54». Or making A B C the firſt angle, 
and C AB theſecond, thelide BC will be found 11 gr.36 m. 


4- To fiade the baſe by knowing both the ſides. 


As the Radius: 
to the line of the complement of the one (ide 3 
So the (ine of the complement of the other ſide, 
to the line of the complement of the bafe required.” 


So in the reftangle 4 CB hauing AC 27 gr.g4m.and BC 
11gr.30m. the bate 4 B will be found go gr. 


5 To findethe baſe by knowing the one (;de, andihe 
angle oppoſite $9 that ſide. 


As the ſine of the angle ginen,. 
tothe ſine of the Ge giuen 3. 
So is the Radius 
to the line of the baſe required. 


So in the reQangle B C D, knowing the laritude and the 
declination, we may find the axiplicate, as hating B C che 
ſide of the declination 11gr. 30 w. and B DC the angle of 
the complement of the larirude 3&gr.15 mm. the baſe BD 
which is the amplicude,will be foundto be 18 gr, 47 m. 

L 3 6 T9 
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6 To find an angle by the other oblique angle, and the 
ſide oppoſite to the inquired angle, 


As the Radius 
to the fine of the complement of the ſide: 
So the ſine of the angle giuen, | 
co the [ine of the complement of the angle required. 
So in the retangle A C B, hauing the angle BAC 23 gr. 
z0mm.andtheſide AC 27 gr. 54m, the angle A BC will bc 
tound 6g gr. 21 m. 


7 To finde an angle by the other oblique angle, 
and the ſide oppoſite to the fore ginen, 


As the fine of the complement of the ſide 

to the fide of the complement of the angle giuen : 
So is the Radius 

co theline of the angle required. 


So inthe re&angle A C B, hauing BA C 23 gr.30m. and 
BC 11gr.30m.the angle AB Cwill betound 69 gr.21 m, 


8 To finde an angle by the baſe,and the ſide 
oppoſite to the inquired an gle, 


Asthe ſine of the baſe 
is to the Radius: 
So the ſine of the {ide 


to the {inc of the angle required. 


So in the retangle B C D, having BD 18 gr, 47m. and 
BC 11gr.30m. theangle BD C will be racy 38gr.15 m, 
Thele cight Propoſitions haue been wrought by the ſmes 
alone; thoſe which follow require ioynt help of the rangenr. 
And foraſmuch as the tawgent could not well be extended 
beyond 63 gr.30 w. I ſhall ſer downe two wayes for the reſo- 
lution of each Propoſitionz if the one, will nothold, the o- 


cher may. 
9 To 
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9 Tofinde « ſide by hauing the oth:r ſide, andthe 
angle oppoſite to the inquired ſide. 


x: As the Radius | 
to the ſine of the ſide given: 
So the tangent of the angle, 
ro the tangent of the ſ1de required, 


2 As the ſine of the ſide giuen, 
is tothe Radius: 
So the tangent of the complement of the angle, 
co the tangent of the complement of the 11de required, 


So in theretangle ACB, hauingehe right ſide AC 27 gr. 
54 ”, and the angte BA C23 gr.zom. theſide B C will be 


tound to be 11 gy.30 ws. 


* 


10 To find aſide,by hating the other [ide,and the 
angle adrazent next ro the inquired ſide. 


r Asthe tangent of the angle, 
to the tangent of the {ide ginen: 
So 1s the Radius 
ro the ſine of the ſide required, 


2 Asthe tangent of the complement of the ſide, 
ro the tangent ofthe complement of the angle: 
So isrhe Radius 


tothe {ine of the (ide required. 


This andthe like,where the tangent ſtanderh mm the fi.4t 
lace, arc bett wrought by parallel entrance. And 
im the retangle BC D, hauing B C the 1ide of declinacior 
11 27.30 4. and BD C:rtrheangle of the coniptemente of che 
Jaticude 38 gr.rg m. the fide D C, which is the afcentionall 
differeace,will be tound 1497579. © 
By the afcenfionall difterence is given the time of the 
Sunnes giſing and ſetting, endienget of the day; allowing 
© an 


Yo  R/ſolutionefſphericall trieagles. 


an houre for each 15 gy. and 4 minutes of time for each ſe. 
uerall degree. As in the example the difference betweene 
che Sunnes aſcenſion in a right ſphere , which is alwayes ar 
6 of the clocke,and his aſcenſion in our latitude. being 14 gr, 
57m. itſheweth that the Sunne riſeth very neare an houre 
before 6, becauſe of the Northerne declination; or after 6, if 
the Sunne be declining to the Southward. 


II To finat 4 ſide by knowing the baſe, and the 
angle adjacent next tothe inquired ſide, 


: As the Radius 
to the ſine of the complement of the angle: 
So isthe tangent of thebaſe, 
ro the, tangent of the ſide required, 


2 As the ſine of the complement of the angle 
is rothe. Radius: 
So the tangent of the complement of the baſe, 
ro the tangent ofthe complement of the ſide required, 


So ia the reQtangle A C B, knowing the place of the Sun 
from thenext equinoCtull point, and the angle of his grea- 
teſt declination, wemayHind his-right aſcenſ1on : viz. the 
baſe A B 3ogr. andthe angle BAC 23 gr.30wm.being giuen, 
the right aſcenſion A C will be found 27 gr.54 ». 


123 To finde the baſe by knowing the 
oblique angles. 


As the tangent ofthe one angle, 

to the tangent of the complement of the other angle: 
So is the Radius |, 

to.the ſine of the- complement of the baſe. 


So in theteftangle A C B,hauing BA C 23 gr.30m, and 
ABC 69 gr.21m. the baſe A B will be tound 3o gr. 


13 Te 
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13 Tofinde the beſe,by one of the (ides,aud the 
42 le adjacent nexs that ſiae, 


s As the Radius 
isro the line of the complement of the angle: 
Sothe tangent of the complement of thelide, 
to therangent of the complementr of the baſe. 


2 As theline of the complement 6f the anigle 
1s to the Radius: 
So the tangent of the ſide giuen, 
co the tangent ofthe baſerequired, 


So in the retangle A CB, having A C 27 £7.54 mm. and 
B AC 23gr.30m. the baſe A B will be found 30 gr.o w. 


14 To find an angle,by knowing both the ſides. 


: As the Radius 
isto the line of the (ide next the inquired angle: 
| Sothe tangent of the complement of the oppolite (ide, 
rothe tangent of the complement of the anglerequired, 


2 Astheſine of the fide next the inquired angle, 
15ro the Radius: 
So the tangenr of the oppoſite fide, 
to the tangent of the angle required, 


So in the reQangle A C B, having A C 27 gr.5z4 w, and 
BC 11 gr.30 m. the angle at A will be found 23 gr.30 mand 
the angleat B69 gr.21 #s. 7 


15 To finge an angle, bythe baſe, and the fide 


aducent to the inquired argle. .. 


1 Asthe tangent of the com >Iement of the fide, 
to the tangent of the complement of the baſe: 
M 


2 
# 
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So is the Radius | 
to the finc of the complement of che angle required. 


2 As the tangent ofthe baſe, 
ro the tangent of the [ide: 
So is the Rags, | 
to the ſine of the complement of the angle required, 


So in the retangle BCD,hauing the baſe BD 18 gr.q47 w. 
and the ſide BC 11 gr. 30w,the angle D B C berween them 
will be found 53 gr.15 m. 


16 To find an angle(by knowing the other 
oblique Rd the baſe. 


x 


1 Asthe Radius, 
to the line of the complement of the baſe: 
So the rangent of the angle giuen, 
to the tangent of the complement of the angle required, 


2 Astheſineofthe complement of the baſe, 
is to the Radius: | 
So the tangent of the complement of the angle giuen, 
to the tangent of the angle required, 


_ S$ointhe reangle A C B, hauing the angle at A 23 gr. 
30 »», andthe baſe AB 3ogr. theangle A B C will be found 


69 gr.21 mn. 
Theſe fixteen caſes are all that can fall out in a reQan gle 


cm1angle: thoſe which follow do hold , 


In any ſpherical triangle whatſoeuer 


17 Tofindaſide' ofite to am nglt ginew by kwowing 
one fide, aud two angles, whereof one is op. 
© Poſite to the ginen ſide, the other 


#0 the ſide required, 
As 


Y% 
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As the ſine of the angle oppoſite tothe lide giuen, 
is to the (inc of that ſide giuen: | 
So the fine of the angle oppdlite to the (ide required, 
to che line of the fide gquired. 


So in the triangle A B E, hauing the place of the Sunne, 
the latitude,and the greateſt declination, we may finde the 
amplitude. As hauing A B 30 gr.BA E 23 gr.30 .and AEB 

8 gr. 15 us. the fide BE which is the amplicude, will be 
Grad 18 gr. 47 10. 


13 Tofinde an angle oppoſite to a fide ginen by havin 
one anele and two ſides, the aoppiats to © , 
rhe given aryle, the other to 
the angie required. 


As the ine of the ſide oppoſite to the angle giuep, 
is tothe ſine of that angle giuen: | 
Fo theſine of the fide oppolite torhe angle required, 
to the line of the angle required. 


So in the triangle Z PS, hauiny the azimuth , and lari- 
cude, and declination, we may find che houre of the day. As 
hauing PZS 130 gr. 3m. FS 70gr.and Z S 4ogr. the an- 
gle Z PS, which ſhewerh the houre from the meridian ſhall 


be found 31 gr. 34 w. 
19 To find an angle by knowing the three 
This propoſition. is moſt vſefull, but moſt di 


others:as in Arithmetique,ſo by the Seitox, 
formed ſeucrall wayes. 


r According to Regiomontanus and others. 


As the fine of the leſſer {ide next the angle required, 
to the difference of the verſed (ines of the baſe and diffe- 
So is the Radius (rence of the ſides: 
to a fourth proportional. 
M 2 Then 
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Then as the fine of the greater (ide next the angle required 
is ro that fourth proportionall : 
So is che Radms 
ro rhe verſed line of the angle@quired. 

So in the triangle Z P$8,hauing the (ide P $,cthe coplemene 
of the declination 70 gr.o wv. the fide Z P the complement of 
che latirude 38 gr.30.m9. and the baſe Z. S the complement of 
the alcizude 4o gr.the angle of the houre of the day ZPS will 
be found 31 gr. 34 m.which is 2b. 6 #s. from the meridian. 

For the baſe being 40 gr.0 m.and the difference of the ſides 
33 gr.30 w. and 7ogr:6m. being 31 gr. 30m.the difference of 
their verſed lines wil be the ſame with the diſtance between 
cheright [inc of 50gr. and 58 gr. 30 m.. Thisdifference I take 
out, and make it a parallell fine of the leffer ſide 38 gr. 30 m. 
ſo the parallell Radius wil be the fourth proportionall. Then 
coming to the ſecond operation, I make this fourth propor- 
tionall,a parallel fine of the greater ide of 70 gr. 0m,and take 
out his parallell Radius. For this meaſured from go gr.toward 
the centcr,will be the verſcdſine of 31 gr. 34s. | 

In the like ſort in the ſame triangle Z P S,hauing the ſame 
complements giuen, the angle P ZS which is the azimuth 
from the North part of the meridian, wilt be found $230 gr. 
3 w.For here the baſc oppolite to.the angle required being 
70 gr. and the difference of the (ides 38 gr. 30m. and 4ogr. 
being 1 gr.30 mm. the difference of their verſed ſines-will be 
the ſame with the diſtance betweene the right lincs of 20 gy. 
and 88 gr.30 w. This difference I take,and make it a paralle! 
ſine of the lefler ſide 38 gr.30 m. ſo the parallell Radius will 
be the fourth proportionall. Then coming to the ſecond 0- 
peration, ] make this fourth proportionall a paralle]l ſine of 
phe greaterſide 4 gr. and take out his parallell Radivs, For 
this meaſured from go gr. beyond the center in the lines of 
fines ftretched forth at - 2: full lengch , will be the verſed 
ſinc of 13a gr.z m. 


2 I mayfinde an angle by knowing three ſides, by that 
which I hauc elſewhere demonRtrated vpon Barth.Pitiſens, 
and 
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and chat at one operation in this maner, | 


As the ſine of the greater fide 
isto the ſecant of the —— of rhe other fide: 
So the difference of ſince of the complement of the baſe, 
and the arke compounded of che leller fide with the 
complement of the greater, 
cothe verſed (inc of the angle required, 


So in the ſame triangle Z P S, having the ſame comple- 
ments giuen, the angleat P,which ſheweth the houre from 
the meridian,will be found as before 3x gr. 34m. 

For the ſides being 38gr.30 w.and p0'gr.om.T rake the ſe- 
cant of the complement of 38 gr.zow. and make it a paral- 
lell fine of 70 gr; then keeping the SeQor at this angle, I 
conſider that the complement of 70 gr. being 20 gr. added 
ynto 38 gr.zo m. the compounded tide ( which 15 here the 
merijditx-altitude) will be 58 $7.3 Om; and thac the baſe be- 
ing yogr. the difference of {tn 


es of the compounded fide 
and che complement of the baſe will be (as before) che di- 
ſtance Hetweene the (ines of 5ogr. and 58 gr. 30 w. Where- 
forc I take out this difference, and lay it on both the lines of 
ſes from the center: fo the parallell taken in therermes of 
this difference,and meaſured from go gr. toward the center, 
doth giue the verſed line of 31 gr.34 w. 
Theother angles ® Z 8, P'S Z,may be foundiinthe fame 
fort; bur hauing the fides and one angte, it will be fooner \ 
done by that which we ſhewed. before in the 18, Prep, 


: 0: To find aſide by knowing the three angles. * 


If for the greater angle we take his complement to i$0gr. 
the angles ſhall be curned ipro ſides, and rhe fides into an- 
gles,& the operation ſhall be the ſame, as in the former Prop. 


21 To finde a ſide hyhauins the other two ſides, 
aud the angle comprehended. 


This propoſition being the conuerſe of the nincteenth, 
M 3 may 


eee es er ER 
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may be wrought accordingly z but the beſt way both for it 

_ thoſe which folfow,is to reſolue them into two refan- 

gleyby lerring downe a perpendicular, as was ſhewed in the 
r{t Prop. 

So rg the triangle ZP S, having ZP the complement of 
the laticude, and PS the complement of the declination, 
with Z PS the angle of the houre from the meridian , we 
may find Z $ the complement of the alcicude of the Sunne. 

For hauing ler downe the perpendicular £ R by the firſt 
Prop. we hauc two triangles, ZRP,ZRS, both reangle 
at R. Then may we find the fide PR, either by the ſecond,or 
tench,or cleuench Prep; which taken our of P S,leaucth the 
ſide RS: withthis R Sand ZR we may find the baſe Z S by 
the fourth Prop. | 

Or hauing ler downe the perpendicular S27,we hauec two 
reanglecriangles S M Z,8 M P.Then may we find 21 P, 
from which if we take Z P, there remaigeth 1 Z: but with 
ML and S M,we may findthe baſe Z S. 


22 Tofinds frae,by hawing the other two ſides, and one 
of the angles next the inquired ſide. 


So in the triangle Z P S, having Z P che complement of 
che latitude, and PS the complement of the &etin ation, 
with P Z $ the angle of the azimuth, we may finde Z S the 
complement of the altitude of the Sunne, | 

For hauing Z P,and the angle at Z,we may to S Z produ- 
ced,let downe a perpendicular P Y. Then we hauc two re- 
Qangle triangles, PVZ, P VS, wherein if we find the (ides 
V Z,V S,and take the one out of the other,there will remain 
the {ide inquired Z S. 


23 To finda ſide,by haning one ſide,and the two 
angles next the inquired ſide. 


So in the triangle AB D,hauing AB the place of the ſun, 
aud B AD the angle of the greateſt declination, and 4 ey 
the 


Dr Sr rn > nw 
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the angle of the equator with the horizon, we may find 4 D 
I 


the oblique aſcentian. 
For hauing let downe B C the perpendicular of declina- 


rion,we haue two reQangle triangles, ACB, DCB. Then 
may wefind AC the right aſcention,and D C the afcentio- 
nall difference z and comparing the one with the ocher, 
chereremaineth A D. 


24 To find «/ide,by having two ang les, aud the fide 
, Es 7 p 


So in the triangle Z P S, hauing the angles at Z and P, 
with che fide intercepted Z P, we may find the fide P S. For 
hauing ler downe the pr—o—__ PV, we haue two. re- 
Qtangles PVZ, P VS. Then may we find the angle V P Z,er- 
by the ſcuenth,or fifteenth,or ſixteenth Prop, which added 
roZ PS,maketh the angle V PS: withthisVPS and PV, 
we may find the baſe PS,according to thE' z Prop, 


25 To find 41 angle by haning the other two angles 
and the [ide incloſed by them. 


Soin the triangle ZP S, hauing the angles at Z and P, 
with the {ide intercepted Z P, we may finde the orher angle 
Z SP.For hauing let downe the perpendicular Z R,we haue 
ewo retangles Z RP, ZR FS. Then may we finde the angle 
PZR by the ſixteenth Prop. and that compared with 
PZS, leaueth the angle RZS: with this RZS andZ R we 
my find the angle required Z SR, according to the fixth 

rop. 


26 To finde an angleby haning the other two amzles, 
and one of the ſ1des next the inquired augle. 


So in the triangle A B D, hauing the angles at Fand D, 
with the fide A B,we may find the angle A B D. For hauing 
let downe he perpendicular BC, we hauc two hay 


2 
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ACB,D CB. Then may we find the angles ABC, DBC, 
andrake D B C out of A B Cyfor ſo thereremainech the an- 
gle required ABD. 


27 To finde an anzle,by knowing two ſides, and 
6he anzle contained by them. 


So in the triangle Z PS, having the ſides ZP, PS, with 
the angle commabigebes Z P $,we niy find the angle PZS, 
For hauing ler downe the ppt SM, wehaue two 
reQangles S MZ, $S MP. Then may we find thelide MP, 
and abi Z P out of MP, there remaineth 4 Z: with this 
M1 Z ny. the perpendicular 4 S, we may finde the angle 
AMZ S,by the fourccenth Prop.This angle M ZS,taken out of 
180 gr. there remaineth PZS. | 


28 To fend an angle byknowing the two ſides next it, 
anVone of the other angles. 


. So.inthetriangle Z P S$, hauing the ſides Z P and PS, 
with the angle P Z S, we may find the angle Z PS. For ha- 
ving let downethe perpendicular PY, lone two rectan- 

gles PVZ,PVS.Then may we find the angles V PZ ,V PS; 

and taking V PZ out of V P S,there remaineth Z P S,which 
was required. | | 

Theſe :8 cafes are all that can fall ont in any ſpherical 
triangle: if any do nor preſently vnderſtand them, lerthem 
once more reade ouer the vſe of the globes, andthey ſhall 
ſoone become calic vato them. 


CHAP: 


Th: wſe of the Miridian line, % 
CHAP. VI. 


Of the -vſe of the Meridian line 
in Nauigation. 


þ > e Meridian line is here ſet on the (ide of the Seor, 
ſtretchedforth ar full length,on the ſame plane with the 
Hne of lines and Sokids,and iis diuided vnequallytoward 87 gr. 
(whereof 70 gr.are about one halfe) in ſuch ſort as the Me- 
ridian in the cart of Mercators proiettion. The vſe of ic may 
be 

1 To diuide 4 ſea-chart according to Mer- 

cators-prozection.- 


If a degree of the equator on the ſea-chare be equall to 
the hundred part of the line of /ines in the paris 
of the Meridian vpon the Seftor, ſhall giue the like degrees 
vponthe ſea-chart : if otherwile they be vnequall, then may 
the meridians of the ſca-charc be diuided in tuch fort as the 
line of Meridians is diuided on the Sefor, by that which we 
ſhewed before in the.$. Prop.of the line of lines, 

But to auoid error, I hauc here {et downe a Table,where- 
by the Meridian line may be. diuided out of the degrees of 
the equator, ſuppolihg each degree to beſubdiuidel inco G* 
thouſand parts. By which Table,& the viuall Table of Snex, 
Tangentr and Secants,the proportions following may be allo 
reſolued arithmetically. For the maner of diui{ion,let the e- 

uator (or one of the parallels-if it be a particular chart) be 
| mar, and diuided,and croiled with parallell meridians, as 
in thecommon ſea:chart : then looke into the Table, and 
let the'diſtance of 4o gr.in the meridian, from the equator, 
be equall to 43 gr.711 parts of the equator; let 50 gr. in the 
meridian from the equator, be equall to 57 gr. 999 parts of 
ghe cquator; and ſo jn che reſt. 
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If any deſire to haue his chart to agree with his Seftor, he 
» ' may make cach degree of longitude equall to the tenth parc 
; + of the linea wer; and divide! the meridian; of his chart 
-+ out of the Seor : Iſo ſhall cach degree of the chart, be ters 
| times 2s farge as the like degree on the Seffor, and the worke! 
{| be ealie fromthe one tothe other, | | 
| = 52a Tp 


[ 


d how many leagues anſ) wer to one degree 
|" of longitude in encry ſeueral latitude. - —— 


In ailing by the compalle , the courſe holds ſometime 
. :x ypon a great circle, ſometime vpon a parallel to the equator; 
{ | but mol commonly.vpon crooked lincs winding towards 
' one of the poles, Tinh 
| of Rumbes. ; % 
If checourſe hold vpon-@great circle, it is either North or 
, South,vnder ſome meridian, or Eaſt or Weſt, ynder the c- 
* quator. And inthele caſes, efiery degree, requires an allow - 
ance of twentic leagues, euery*\twencie leagues. will make a 
© degrees difference 1n the failing : ſo that here needs no fur- 
| therprecept then the rule of proportion inthe Chapter of 
lines. | 
But if the comrſe hold Eaſt'or Weſt , on any of the paral- 
lels to the equator. ' * | 


lines are well knowne' by the name 


, As the Radius 
13to twentic leagues, the meafure of one degree 
at the equator:.... | 
So the ſine of the complement of the latitude 
rothemeaſure of leagues anſwering to one degree 
in that latitude. 


| Wherefore I take-20 leagues out of the line of /nes, and 
\.. | make ita parallel{Radius, by ficting it ouer ini the fines of 
'* $0 andgo: ſo his parallel ſme taken out of the complement 
of the latirude, and meaſured in the line of /inez, ſhall ſhew 

the number off Ikaguesrequired, 
Thus 


mY 


LAS 5 O98. 


Cc 


' wayes knowne: 


The oſeof the Muidanine.” | 
Thus in the latirude 'of 18 gr.1-2 mv. we: ſhall NTT | 
find 19 leagues anſwering to Su ree of lon+.. |: R | 
girude, and 18'le&guey inthe; latigude: of, 25.gr.., |. 2. 
13-9, and a$rt this Table, ../' ; 51 1191! one pied or) rhe 
This may.be done more. readily;without ape-.. [7 | 
ning the Sefton, by doubling. the; fine. of; the ., 37. 
complement of the latitude, as may appeare in 
che fanze example. I- or 472 nat der 1 9] 140 
It may alſo bedone by the line af meridians; 
either vpon.the Setor,or ypou: thei chare: For if 
we open 4 pajre of compalles:to' the,quantitie [53 8|1 23 
of one degree of longitude in the equator, and [55 48x 1 
mcaſure « in the merigian line, {etting one foot | [60 © oh10 
as much aboue the latitude given, as the other |63 x5. g 
falleth beneath it, 16 that the lacirude may be in 55 acl 
x 51 8 
the middle betweene the feere of the compalles, [5 . ©: 
the number of leagues intercepted ſhall be that - FI # | 
which was required. 5 et 6 hunts; 
Bur if che courſe hold ypon any of the rymbs, - | ===. 
betweene a parallell of the equator and;thie me-. | 
ridian, we are to conſider belides the quarter of |? h 
the world to which we tgnd,which muſt be al- 34 15 
* r.The difference of longitude at leaſt iy gawerall, ...... 
; 2 Theditterence of larxude,and that 1, parucular., ,. 
3 The ramb whereon rhe courſe holds. | | 
4 The diftance yp6 the ramb,which is the diftance,which 
we are here to ad isalwayesſomewhar greater then 
the like diſtance w_ a greater cixcle., And, for gheſe firſt I 
thew in generall this third Prop. .. + - 44 anos, | 


- 


3 To finde how many leagues do anſwer to one degree 
«1 of lytitudein entry ſeurrall Rumb. 


As the fine ofthe qmplement of the rumb fro the meridian, 

”. 15to20 leagues the meaſure of one degree at the meridian: 

So the Radius | 

_ tothe leaguesagſyenng to one degree vponthe Rumb, 
O 2 4 


100 


Wherfore I rake 20 leagues out of the 
line of frnes, and make it a parallel! fine 
of the 67 > amr of the'Rumb from 
che meridian; ſo his parallel! Radius ta- 
ken and 'meaſared in theline of liner, 
_ ſhew the number of leagues requi- 
red. | 

Thus in the firſt Rumb from the me- 
ridian, we ſhall finde 20 /gs 39 parte an- 
frering to one degree of latitude, and 
21 {gs 65 perts in the ſecond Rumb,&c. 
as in this Table, where we ſubdiuide 
each league into a hundred pares, and 


ſew beſides what inclination the rumb - 


hath to the meridian.” 
This may be done more readily with- 


out opening the SeRor,by doubling the (——— 


ſecant of the latitude, as may appeare in 
the (Ap WP &s. , 

[Tt may alſo be done vpon the chart, 
if we take the diſtance vpon the Rumb 
berweene rwo parallels, and meaſure it 
in the meridian line, as farre aboue che 
greater laritude as beneath the leſſer, 
For ſo the number of leagues intercep- 
red, ſhall be that which wasrequired, 

This conſidered 1n generall, I ſhew 
more particularly in ewelue Prop.follow- 
ing, how of theſe foure any rwo bein 
given, the other two may be found 
both by CAercators chart , and by this 
Settor. 
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The fe of the Meridi:s lit; jor 
t Zy one laitude Rumb and diftance to find 


the difference of latitnaes. 
As the Radius 
to the ſine of the complement of the Rumb from the me- 
So the diſtance vpon the Rumb, (ridian: 


to the difference of latitudes. 


Let the place giuen be A in the latitude of gogr, C ina 

pany latitude, but vynknowne, the diſtance vpon the Rumþ 

cing 6 &- berweene themy and the Rumb the third from 
the meridian.? | 

Firſt I rake6 gy. for the diſtance ypon the Rumb, our of 
the linc of /ines, and make it a parallel! Radius, by putting ir 
ouer in theſinesof gorand 90. Then keeping the Seftor ar 
this angle,l take out the parallell ne of 56 gr.15 m.which is 
the fine of the complement of the third Rumb from che me- 
ridian,and meaſuring it in the line of /ines,T find it to be y gr, 
and ſuch is the difference of latitude required, 

Or I may take out the ſine of 56 gr.15 m. for the comple- 
went of the third Rumb from the meridian, make it a paral- 
tell Radins; then keeping the SeHor ur angle, I take Gyr, 
for the diſtance, either out of the line of Zi#es, or any cther 
ſcale of equall parts, or cle our of the merjdian line, and lay 
it on both ſides of the SeFor from the _ , either on che 
line of lines or fines : ſo the parallell taken from the termes of 
this diſtance, and meaſured in the famieſcale wherein the di- 
ſtance was meaſured, ſhall ſhew the difference of lati.ude to 
be 5 gr. as before. 

Bur in ſhorter diſtances, ſuch asfall within the compatle 
of a daycs ſailing,this worke will hold much better. - As may 
appeare by comparing the worke with the Table following: 
where the numbers in the front do ſfignifie n——_—_ S:hofs 
in the ſide,the Rumb; and the reft mn the midUutethe £ fe 


rence of latirude, : 
O 3 A ; bite 


102 A Table of leagues, rumbs, 
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104 Theſe of the Meridiaw line. 

In the Chart let a meridian A B be drawne through FX, 
andin A with AB makean angle of the Rumb BAC. Then 
open the compatles,accrding to the latitude of the places, to 
E F the quanritie of 6gr, in the meridian, transferring them 
inro the Rurb from A to C, and through C draw the paral- 
Icll B C, croſſing the meridian AB in B: fo the degrees in 
the meridian from A to B,ſhall ſhew the difference of aticade 
to bes gr. 


2 Fy the Rumb and both latitudes to find the 


drſflance upon the Rumb. | 
As the ſine of the complement of the Rumb from the meri- 
15 to the Radius: (dian, 
So the difference of latitudes, d 


to the diſtance vpon the Rumb., 


As if the places giuen were A in the latitude of go gy, 
C in the latitude of 55 gr, and the Rumb the third from the 
meridian. 

Eere I may take o gr. for the difference of latitude out of 
the line of /ixes, and put it over in the line of 56 gr. 15 m», for 
the complemenrof the third Rumb from the meridian. Then 
keeping the Seer at this angle, I rake out the parallell Ra- 
dius,and meaſuring it in the line of /ives, I find it ro be 6 gr, 
and ſuch is the diſtance vpon the Rumb, which was requi- 
xed. 

Or I may take the laterall Radius, and make it a parallel! 
fine of 56 gr. 15 m. the complement of the Rumb from the 
meridian:then keeping the SeQor at this angle,[ cake x gr, 
for the difference of latitude, either our ot the line of lmez, 
or out of ſome other ſcale of equall parts, and lay it on both 
fides of the SeQor from the center, cither on the line of lines 
or of fines : ſo the parallell taken from the termes of this chffe. 
rence, and meaſured in the ſame ſcale with the difference, 
ſhall ſhew the diſtance vpon the Rumb to be Gyr. or 220 


leagues, 
Or 
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Or keeping the Seffor ar this angle, I may take the diffe- 
rence betweene 50g7r.and 55 gr.out of the Meridian line.and 
meaſuring it in the equator, ſhalindit co be equall to 8 gr. 
22 p.of che equator. Wherefore I rake rhe parallell berweene 
$22 and $22 outof the line of les, and meaſuring it in the 
line of {nes I ſhall fndit to be 989; which ſhewes that accor- 
ding to this proiettion, the diftance ypon this third Rumb, 
an{werable to the former diſtance of latirudes.will be equall 
to 9 gr .89 p.ot the equator. | Tis 

Or the Sector — at this angle, may take the diffe- 
rence berweene 5ogr. and 55 gr. out of the Meridian line, 
and lay ir from the center on borh lides of the Sefor, either 
on the line of lines or of fines : {o the parallel}. taken from the 
termes of this difference, ſhall be che yery line of diſtance re- 
quired,the ſame with A C or E F vpon the chart;zwhich may 
{crue tor the better pricking downe of the diſtance ypon the 
Rumb,wichour taking ir forth of the Meridian line,as in the 
former Prop. | | 

Orif the Rumb fall nearer to the equator, thir the larerall 
Radius cannor be fitted ouer init, this propoficion may be 
wrought by parallell entrance, 

For if I firſt take out the (inc of 56 gr.15 m. and make it a 
parallell Radivs, by fitting it over 1n the lines of go and go, 
vr inthe ends of the lines of lines, and then take 5 g#/for the 
difference of latitudes out of rhe line of /ines, and carrie it pa- 
ra/lellro the former, I ſhall find ir to croſle both lines of lines 
in the points of 6: and o it gies the {ame diſtance as be- 
fore, . 

Or if che diſtance be ſmall, it may be found by the former 
Table, For the Rumb being found in the {ide of the Tal 1; 
and the difference of latirude in the ſame line; the top of the 
columne where1n rhe difference of latitude was found, ſhall 
give the number of leagues in the diftante required. 

Or we may finde this diſtance in the Table of Rembs in 
the fifr Prop.tollowing. For according to the example looke 
mto the Table of che third Rumb for 5 gr.of lar t11ds, and 
there we ſhall finde 6 gr.ox pares vnderthe title of diſtance, 
P 90 


' 


106 The roſe of the Meridian hire. 

So if rhe difference of latirude vpon the ſame Rumb were 50 
er. the diſtance would be 60 gr.13 parts. If the difference of 
taticude vpon the ſame Rumb were onely 5 of a degree, the 
diftance would be onely 60 parts,tuch as 100 doe make a de- 

ree. 

, In the chart let a Meridian AB be drawne through A,and 
parallels of latirude chrough A and C;& then in A with 4 B 
make an angle of the Rumb B AC: ſo the diſtance'taken 
from eF to C, and meaſured in the Meridian line,according 
tothe latitude of the places, ſhall be found to be 6 gr.or 120 
leagues. And ſuch is the diftance required. 


' 3 Bythe diſtance and both latitudes 
to find the Rumb. 


As the diſtance vpon the Rumb, 
ro the difference of latitudes: 

So is the Radius (ridian, 
tothe fine of the complement of the Rumb from the Me- 


As if the places giuen were A in the latirude of 50 gr. 
C in the latitude of 55 gy. the diftance berweene them being 
6 gr.vpon the Rumb. Firſt I take 6 gr.tor the diſtarice vpon 
the Rumb,and lay ic on. both (ides ot the Sefor from the cen- 
ter; then out of the ſame ſcale I rake 5 gr, for the difference 
of latitude,and to it open the Sefoy in the termes of the for- 
mer diſtance : fo the parallell Radius taken and meaſured in 
the ſines,doth giue 56 gr.15 m. the complement whereof 3 3 
$7.45 #.isthe angle of the Rumbs inchnation to the Meri- 
dian,which was required, 

In the charter a mexidian A B be drawne through .1,and 
parallels of latituge both through A and C, then open the 
compallesaccordigg to the laticude of the places to EF the 
quanritie of 6 gy.in the meridian,and ſetting one foote in A, 
turne the othertill it croſle the parallell B C in C, and draw 
theright line AC: fothe angle B AC ſhall ſhew the inclina- 
t10n of the Rumb to the Meridian to be 33 gr.45 m.as before, 

cle 
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The wſe of the Meridian line, 107 
Theſe three laſt Prop. depend one on the other, and may 
be wrought as truly by the common. ſea-charr- as —_ of 
Mercators proieftion: and therefore in working them by 
che Sefter,che diſtance and the difference of Hitieedes may as 
well or better be taken out of the line of ler (which here 
repreſenteth the equator) or any other line of equall parts, 
as out of the inlarged degrees in the meridimline. Bur in che 
propoſitions following,the difference of Jongirude muſt; be 
taken out of che equator; the difference of latitudes and di- 
ſtance vpon the Rumb,mutit alwayes be taken out of the me- 
ridian line; which I therefore call the proper difference, and 
proper diſtance; | - 


4 \By the lon gitude and latitude of two places 
to find the Rumb. 


As if the places gruen were A in the Jatirude of 50 gr. C 
in the latitude of 55 gr. andthe difference of longitude be-. 
eweene them were 5 £r.30 mm. | + 

In the chart lermeridians and parallels be drawn through 
Aand C,and a ſtraight linefor che Rumb from A to C; then 
by chat we ſhewed Cap.2.Prop.9.inquire the quantitie of the 
angle B AC,and it ſhall be found to be, 33 gr.45.m. iwhich is 
the third Rumb from the Meridian., Wherefore che propor- 
tion holds for the Sefor, 


As A B the proper difference of latitude, 
15to B C the difference of lon gitude: 
So AB 1s Radius, | bf 
co B C che tangent of the Rumb from the Meridian. 


According to this I take the proper difference. of latitude 
from 5ogr.to 55 gr. out of the linc of merzdiant, and:lay-ir on 
both lides of the Seftor from the center;then I rake the diffe- 
rence of longitude g gy.+ out of the line ot #»es, androir 0- 
pen the Seftor in the termes of the former diffi-ren ce of loti- 
rudes: fo theparallell Radies taken from berwe 6-90 2nd 
90,and mca{ured in the grviter #avgent dh theld Af tine Se- 

| FY 


toy, 
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for,doth giue 33 gr 45-m. for the. Rumb required, 
Buc if the Rumb fall nearer to the equator; 


_ AS AD the difference of longitudes, 
 .1sto DC the proper difference of latitudes: 
So 4 D as Radius, | 
to D C,chc taggent of the rumb from the equator, 


According tothis T rake the former difference of Tatitudes 
from 50 gr.to 55 gr. out of the line of Meridian, and to it o-* 
pen the Sefor in the termes of the difference of longitude 
reckoned in the linc of hires from the center: ſo the parallel! 
Radius taken and meaſured in the tangene,doth glueg6gr.15 
em. for the rumb from the equator; which is the complement 
to the foriner 33 gr.45 m: and ſo both wayes it is found to be 
the third rumb from the Meridian. 

Bur if this rumb were to be found in the common ſea- 
chart,it ſhould ſeeme to be aboue 47 gr. which is more then 
the fourth rumb from the meridian. 


5 By the Rumb and both latitudes to find the 
| difference of longitude. 


As if the places giuen were A in the latitude of go py. and 
C in the latirude of 55 gy. and the rumb the third from the 
meridian, 

Inthe chart, let a meridian be drawne through A, and a 
parallel of latitude through C; then in A.with 4 B make 
che*angle of the rumb from the meridian B AC, (as was 
ſhewed Cap.2.Prop.1o.) So the degrees in the parallcll be- 
rvicene B and C\,ſhall be found to be 5 gy.2, the difference of 
longitude which wasrequired . Wherefore the proportion 
holds forthe Seftor, | 


As A B the Radius, 

ro B C the tangent ofthe rumb from the meridian: 
So A Basproper difference of the latitudes, 

toB Cche x +—fngagas of longitude, 


According 
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The ve of the Meridin line, 109 
According to this we may take the tangent of the Rumb 
which is here 33 gr.45 m.from the meridian,out of the grea- 
ter tangent on the ſide of the Seffor; and putting it ouer be- 
eweene go and g0,make it a Radius: then keeping the Seltor 
at this angle,take the proper difference of latirudes from 5o 
r.to 55 gr.out of the line of Meridians, and lay it on both 
{ides of the Sefor from the center: ſo the parallel taken from 
the termes of this difference,and meaſured in the line of lines, 
ſhall ſhew the difference enings ava co be o gr... 


Or if the Rumb tall nearer the equator. 


AsDC the tangent of the Rumb from the equator, 
to A D the Radius: 

So D C as proper difference of che latirudes, 
to AD thedifference of longitude, 


According to this we may beſt work by parallell entrance; 
firſt taking 56 gr. 15 for the angle of the Rumb from the 
equator,out of the greater?angent,and make it a parallel! Ra- 
dius: then take the proper difterence cf latitudes our of the 
line of meridians, and carric it parallell to the former: ſo we 
ſhall find it to crolle the line of /ies in 5 gy.5. And this is the 
difference of longitude required,the {ame as before. 

Bur if this Afmce were to be found by the common 
ſea-chart,it ſhould ſeeme to be only 3 gr.2o m.which ismore 
then 2 gr.lefſe chen the eruch. Andyer this error would be 
greater,ifeicher the latitude be greater,or the Rumb fall nea- 
rer the equator: as may appeare by comparing the common 
ſea-chart with the Tablesfollowing. 
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degree of diſtance, and the diſtance belonging rs one degree of F Long tude, | 
Lal Long. | Dift. | £< Leng. | Di DM. La, Long, | Def. 
Gr,Gr. Þ. P. Parts. Gr Gr, P. Parts, Gr Gr. P. Parts. 
o| 0100 00 30' 1 25/86 65)60 2 ©0j50' 0 
1|1 0099 98] 31 1 17/8 7161] 2 06/48 48 
2) I 0099 94 | 32, I 18/84 80, 62 2 1346 94 
3] 1 0099 86|| 33 1 19/83 85 63] 2 2045 40 
4\ 1 00'99 75 || 34 1 2183 90 164) 2 28/43 83 
_ $|_1 0099 62 | 35 6h 22/85 91 gr\65 2 37/42 26 
a I 0199 45 3* "of 24 80 | 90! i66| 2 45/49 67 
1 o199 25 || 37, 1 2579 86/67 2 56/39 O7 
: I 02 99 o2|| 38] 1 2578 $0.68/ 2 67'37 46 
9/1 on98 75||39| 1 2977 71169 2 79/35 © 
10,1. 02.98 48, 49] 1. 3175 60 7, 2 9234 20 
11) "Bis 02.98 6, 41 33/75 47,71 3 0713 2 55 
* » 02.97 81 | 42] 1 35.74 31; 721.3. 24,30 90 
23] 1 0397 43145] * 3773 13) 73 3 427/29. 23 
14, 1 0397 03 || 44| ? 39171 93174| 3 $327 $5 
15'r 0395 $9 | 45] 2. 41,79 71175 5| 3 8525 88 
16| 1 0496 12||46| 1. 4469. 45/76 4 13124 19 
17, 1 0495 63147] 1. 4768 20,77, 4. 44/22 49 
18] 1, 0595 Io [48] 1 49;66 91, 23 4 $1/20 79 |. 
19] 1 0694 55 || 49| 1 52 65 6>17p| 5: 24.19. 08 
20| 1 0693 97|| 50 1 55664 28/80 5. 76j17 36 
21] 1 07/93 35||52| 2 5962 93:81] 6 3915 64 
22: 1 o892 72| 52] 2. 6261. 56382|9: 18 43: 92 | 
23; 1 0992 o5| 53] 1 6660 1883] 8 2c|12 18 
24' 1 og9r 35| 54} 1 7058 7784/9 55/10 '45 
25 1_2ago 631 5518 2457 35189102 ah $220 
26, I 11'89 88| 56] 1 7955 92186 14:39 6197 
27, 1 1289 10| 57] 1 8454 45187119 11] 5 23 
28 1 1388 29] 58] 1 8952 9918 8/28 6513" 49 
29 1 1487 46| 59] 1 9451 $0139's7 36! 174" 
30 1 1586" 60 Go) 2 0050 &Golgo OT © 


113 The we of the Meridian line. 
[Theſe tables are calculated for each of the Rumbsg, * 
The ktitſeuen have three columnes,, ard of them the firft 
eontainech'the degrees of Tarituderom the FquinoQualleo 
the Pole: :the ſecond doth piue the difference of Lengirudez 
and the thizd che diſtance, boch of them belonging to thar 
Rumb and-latitude, 
As.in;the-Table of the ,third Rumwhb; at the /atiruge cf 50 
Gr.] nd vndcx thetitle of Lowgitnae 38 Gr.f 9g parts,and vn- 
derthe title of Dyſtavce bo Gr.1g parts, T his {1c es that it the 
courſe held conſtantly on the bird Ruwb trom the Equi- 
noCtiall to the Latitude of 5o Gr, the difference of Longi- 
tude,would be 38 Gr. 6g parts of a 1co, and the diſtance vp- 
on the Rumbe 60 Gr.13 parts. For here I reckon the diſtance 
by degrees, rather then by leagues or miles, and ſubdiuide 
each degree into 100 parts, rather then into 60 minutes, for 
the more caſe in calculation,and withall to make the calcu- 
lation to agree the betrer,both with this,and my Croſſe faffe, 
and other inſ{traments. HTS, 
The ve of theſe Tables, for the finding of the difference 
of Longitude, is this. Turne to the table of the Rumb, and 
there {ce what longitude belongeth to either latitude, then 
rakethe one longitude out of the other, the remainder will 
be the difference ot longitude required. FL 
Asin theformer example,where the places giuen were if, 
in the latitudeof 50 Gr. C 1n the latitude of 55 Gy. and the 
Rumb the third trom the meridian : I looke 3nto the table 
of the third Rumb and there: find, 


L 


Latitude 50 £7 Longitude 38 gr, 69 parts. 
Latitude 55. Longitude 44+ 19. 


Therefore the diff. of Longitude 5 $0 


There is another vſe of theſe tables, ſor the deſcribing of 
the Rumbs-both on the Glele,aud all forts of Charts. For ha- 
ving drawne the circles of Icngitude and Jatitude , and fn- 
ding by the tables, the difference of lopgitude belonging to 
_ Rumb and latitude: It wemake a prick in the = at 
cucry 


— 4 


* I 


Theſe of che Meridian lind; ary 
euery degree of latirnde, according to chat difference of {6n4 
gitade, and draw lines ve thoſe prickes; ſo as they 
makeno angles, the lmes fo drawne ſhalt bo the Rumbs re« 
3 IEY Ny 0; 1153624 80} rtankiremn i on. He 

Thevſe of the eight Rumb-is ſomerhing different from 
the reſt. For there bemg here no change of latieude,] haueſer 
to each larirude, the difference of loagicude, bclongwg co 
one degree of diſtance, and che diſtance belonging to one 
degree of longitude.” :- i: 1:15:22 D% ©? 

As if two places ſhall be 20 leagues, oxr-one degreediſtant 
one from the other,in the lacitude of 50 gr, the difference of 
longitude berweene them will be 2 gr.55 parts, Bue if they 
differ one degree ir/longirnde, the diftance- berwrene' them 
will be onely 64 parts;which falt ſhore of x3 leagues;or ar-the 
moſt 6428 parts, luch as ryv000 do make a degree,” © © - | 


6 By the difference of longitude, Ramb,and oxe- 
latitude, to find the other latitude. 


As if the. places grt=rv were. A, mthe- latitude of yo-qr,:0 
in a greater latirude bur vaknowne, the differen cc ot-longi- 
tude 5 gr.;, and che Rumb che chud rom the Meridian. . ;: : 

In the chaxrlec #8, DC\,meridians, be drawne through 4 
and C, accordins to rhe difference ot longitude; onc 5-gr.4 
from the othey; anda paraHel{ ot tarrende: chrough A, eryt- 
ling the meridian C Din D + chen in 4,wich 48, make an 
angle of the Rumb B 4C: ſo the degrees antbr: meridian 
berweene D and c,ſhalkbe foyndro. bes gr.cheproper ditte+ 
rence of latitude which was required, Wherefert the propor» 
c10n holds tor the Settor, 


ASD TT EEG 
ro DC the tangent of the Rub fromvche equator 3 
, 80A D gsdiference ef longirude, 0 


L9TQ 5 F! ) 
b 


According to'this,I take 56 gr. 15 m.forthe atigle of the 


Rumb from the equator, out of the greater Tangent, and 


make 
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make' it a parallell Radius. Then I reckon 5 gr.; in the line of 

lines fromthe center, for the difference of longitude. So the 

parallel! raken from the termes of this difference, and meaſu- 

red in the line of meridraens, ſhal reach from 50 gr.the latitude 

giuen,to:55 gr.whieh isthe latirude required, | 
Or if the Rumb fall nearer to the meridian. 


As BC che tangent of the Rumb from the meridian, 
isro A B the Radius: 

So BC asdifference of longirudey 
to A D che proper difference of latirude, 


According to this we may beſt work by parallel entrance; 
firſt take 33 gr.45 m.for the angle ofthe Rumb from the me- 
ridian,our of the greater 7 «vgexr, and make ita parallell Ra- 
dius; then take 5 gr.£ for the difference of longitude out of 
the line of /ines, and carrie it parallell to the former, till the 
feete of the compalles flay in like points: ſo the line between 
the center and bo place of this ſtay, being taken and meaſu- 
red in the line of meridians from 50 PEE ſhall ſhew the 
latitude required to be 55 gr. asin the former way, 

The like may be found by the tables of Rumbs.For in the 
table of the third Rumb, ar the latitude of 50 gr. I inde the 
longirude of 38 gr.69 pzto this if I adde 5 gr.50 p.for the diffe- 
rence of longitude giuen, the compound longirude will be 
44 g7-19 p. and this anſwers to the latitude ot 55 gr. 

Bur if this diffeyence of latitude were to be tound by the 
common ſea-chart,it ſhould ſceme to be 8 gr.1z mzand {o the 
ſecond latitude ſhould be 58 gr.13 m. which is abouc 3 gr. 
more then the truth, wt 


7 BY one latitude,rumb,and difl ance, to find 
the difference of longitude. 


As if the places giuen were eA in the latitude of go gy. 
C in a greater latitude but vnknowne, the diſtance vpon - « 
Rumb being 6 gr.betweene them, -and the Rumb. the third 
from the meridian. 
n 
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In the chart, ler a meridian A B, and a 'parallell A D be 
drawne through 4;and in A,with A B,make an angle BAC 
for the Rumb from the meridian z then open the compalles 
according to the latitude of the places to E F, the quantirie 
of 6 gr.in the meridian, transferring them! into the Rumb 
from A to C, and through C draw another meridian D C, 
croſſing the parallell drawnethrough A in D : fo the degrees 
intercepted 1n the parallell from A to D, ſhall ſhew the diffe- 
rence of longitude required to be about 5 £r.;. Wherefore 
the proportion holds for the Seftor, 


As A C the Radius, (meridian: 
is to AD,-quall to B C,the ſine of the Rumb from the 
So AC as proper diſtance vpon the Rumb, 
to A D che difference of longitude. 


According to this I take the ſine of 33 gr.45 mw. for the an- 
gle of the Rumb from the meridian, and make it a parallell 
Radius; then keeping the Sefor at this angle, I take 6 gr.for 
the diſtance out of the meridran line, ——— ro the eftima- 
tcd latirudes of both places, and lay it on both ſides of the Se- 
for from the center: ſo the parallell taken from the termes of 
this diſtance,and meaſured in the lines of /izer, ſhall ſhew the 
difference of longitude to be about 5.gr,+. 

In chis, and ſome of the Prop.following , where there is 
bur one latitude knowne, there may be ſometimes an error 
of a minute or two,in the eſtimation of the proper diftance, 
yet it may be re&tified at a ſecond operation, 

This propoſition may alſo be wrought by the Tables of 
Rumbs. For according to the example, in the Table of the 
chird Rumb,at the latitude of 50 gr. I find the longitude of 
38 gr.69 p. andthe diſtance of 60 gr.13p. tothis I a..de 6 gr. 
for the diſtance giuen; ſo the compound diſtance will be 66 
gr.13p. and this anſwersto the — of 44 gr.19 pzthen 
it I rake the one longicude out of the other, che difference 
will be 5 gr.50 p.as before. | 

But if this diffcrence were to be found by the common 
ſca-chart, ic ſhould ſeeme to be onely 3 gr, 20 w. which is 

R more 
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x22 The v/e of the Meridian line, 
more then 2 gr. laſe then rhe truth, 


$ py one latitude Rumb, and difference longindes, 
”Y X 10 find the diſtance. & 


As if the places given were 4,in the larirude of go gr. C 
in 2 greacer latitude but vnknowne, the difference of tongi- 
eude betweene them being 5 gr.z, and che Rumb the third 
from the meridran. 

In the charc ler A B, DC, meridians be drawne through 
A and C,according to the difference of longitude, and a pa- 
rallell of latitude chrough A, crofling che meridian DC in 
D; chen in eA,wich A B,make an angle of the Rumb BAC: 
ſo the diftance on the Rumb from 4 to C taken and meaſu- 
red in che weridran,according to the eſtimared latitude of the 

laces, thall be found to be 6 gr. Wherefore the proportion 
þ:olds {or the Seltor. 
As A D,equall to BC,the fine ofthe Rumb from the meri- 
isro AC the Radms: | (dian, 
So A D asdifference of tongitudes, 
to A C the proper diſtance vpon the Rumb, 


According to this,I take the laterall Radius, and make ir a 
arallell fine of 33 gr.45 #v. which is here the angle of the 
Rumb from the meridian ; then I reckon 5 gr.* in the lines 
of tines from the center, for the difference of longitude : {6 
the parallell taken from the termes of this difference, and 
meaſured in the linc of weridiens, according to the latitudes 
of the places, ſhall there ſhew the diſtance required to be a 
boutG6 gr. which are 120 leagues. 

Or it the Rumb fall nearer tothe meridian,that the lateral 
Radius cannot be firted ouer in his fine , this Prop. muſt 
be wrought by parallel} entrance, and fo alſo it gmes the 
{ame diſtance as beforc. | 

Or we may find this diſtance by rhe Table of Rumbs. For 
in the rable of the third Rumb,ar the laritude of yo gr.I find 
the longitude of 38 gr.69p. and the diſtance of 6e gr.13 p. 
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The wſe of the Meridian line. I23 
To this longitude here found,1 adde y gr.50 p.for the diffe- 
rence of longitude given: {o the compound longitude will 
be 44 g7.19p. and this anſwers to the diſtance of 66 gr.15 p. 
Then if I take the one diſtance. our of the ocher,the remain- 
der will be 6 gr.02 p. for the diſtance required, 

But it this diſtance were to be meaſured on the common 
ſea-chart, it ſhould ſceme to be almoſt 10: gy. or atthe leaft 
197 leagues, aboue 77 leagues more chen che crutch. 


9 Byoneluitade, diflance, and difference of low- 
gitudes, to find the Rumb. 


As if the places giuen were eA,in the latirude of 5o gr. C 
in a greater latitude bur vnknowne, the difference of longi- 
tude betwcene them being 5 gr-=, and the diſtance 6 gr. 
vpon the Rumb. | 

In the chart ler AB,DC,meridians,be drawne through 4 
and C, and a parallell of latitude through «£; then open che 
compalles according to the latitudes of che places,to E F the 
quantitic of 6 gr.in the meridian, and ſerting the ont foote 
in A,the other foote ſhall crotſe the other meridian in Czand 
if wedraw the rightline AC, the angle BAC ſhall ſhew the 
inclination of the Rumb to the meridian to be abour 33 gr. 
45 m. Wherefore the proportion holds for the Seftor. 

As 4 C the proper diſtance vpon the Rumb, 
isro AD thedifference of longitude: 
So AC as Radius, 
co AD,cquallto B C, the line of the Rumb from the 
meridian, 

According to this,I take the proper diſtance 6 gr. out of 
the linc ol mer«dians, and lay it on both fides of the Sefor 
from the center;then I take the difference of longirude $ gr. 
£ out of the line of /ines,andto it open the Sefor in the terms 
of the former diſtance: ſo the parallell Radius caken from bes 
rweene 90 and go,and meaſuredin the fises,doth giuc about 
33 87-45 m. tor che Rumb required, 

But u chis Rumb were co be found by the common ſea- 

R 2 chart, 


© 


T24 The fe of the Meridian line; 


chart,it ſhould ſeeme to be aboue 66gr. and fo almoſt the 
ſixt Rumb from the meridian, ' 


10 By the longitude and latitude of two places, 
to find their diſtance pon the Rumb, 


Let the Sefor be opened in the lines of lines,vnto a right 
angle (as wasſhewed before Cap.2.Prop.7;) then take out the 
proper difference of latitude,and lay it on the one line, and 
the difference of longitude,andlay it on the other line , ſo 
as they may both meete in the center, marking how far they 


extend. For the line taken from the termes of their exten- 


fion, and meaſured in the meridian, according to their lati- 


| rudes, ſhall ſhew the diſtance required, 


So if the places given. were eFand C, A in the laticude 


_ of gogr. Cinthelatitude of 55 gr. the proper difference of 


laticude ſhalt be the line 4 B, and let BC the difference of 
longitude beg gr.5, we fhall find that AC the diſtance vpon 
theta iS about 6 gr.wbich make 120 leagues. 

For in the chart,let an occult meridian be drawne through 
A, anda parallell of latitude through C, croſling the former 
meridian in B, and a right line for the Rumb from A ro C, 
ſo haue we a rectangle triangle A B C,whoſe bafe A C,taken 
and mecafured in the meridian from E below gogr.to F as 
much aboue 55 gr.doth containe the quantitie of 6 gr. 

In the fame maner the SeFor being opened to a right an- 


' vie, in the lines of lixes : if we take the difference of Jatitude 


out of the line of meridians,in his proper place from 50 gr. to 
55 gr. and place it on one of the ſides from the center, to re- 
{e:ble 4 B, then reckon the difference of longirude on the 
other perpendicular line from the center to 5 gr.z,in ſtead of 
B C,we thall hane the like reQangle criangle on the SefFor,to 
that which we had before on the charc; and if we take our 
the baſe of it, and meaſure 1t in the line of meridians from be- 
low 5ogr. to as much aboue 55 gr. we ſhall finde as before, 
thar it containeth about 6 gr.or 120 leagues. | 
But if thjs diſtance were to be meaſured on the common 
E 28 {ca- 
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ſea-chart,it ſhould ſeeme to be almoſt 7 gr.z, or 145 leagues; 
which is 25 leagues more then the truth. 


11 By thelatitude of two places, and the diſtance pon 
the Rumb, to find the difference of longitude. 


Let the Seoy be opened in the lines of hnes to a right an- 
le, then take out the proper difference of latirudes,and lay 
1t on one of the lines from the center, then take the proper 
diſtance with a paire of compalles, and ſetting one foote in 
the termes of the difference, turne the other toore to the 0+ 
ther line of the Sefor, and it ſhall there ſhew the difference 
of longirude required.. 

So if the places giuen- were A, in the latitude of gogr. C 
in the laticude of 55 gr. with 6 gr.of diſtance one from' ano- 
ther,we ſhall find their difference of longitude to be about 
S gr o5. 

For in the charr let a meridian A B be drawne for the one, 
and BC, A D, parallels of latirude tor them both. Then open 
the compatlles according to the latitude of the places, to E F 
the quantitie of 6 gr.in the meridian,and ſetting onefoote in 
A,bauing latirude of 50 gr. turne.the other to the parallell 
of 55 gr. and it ſhall there cut off the required difference of 
longitude BC 5 gr.z. 

In the ſame maner,the Se&or being opened to a right an- 
gle,in the lines of lines : if we take the difference of: fatitude 
out of the line of. meridians in his proper place from 50 gr. 
vnto 55 gy. and place it on one of che hnes from the center; 
then take 6 gr.the diſtance vpon the Rumb out of the ſame 
line of meridians, according to the latitudes of the places, and 
{er the one foote in the terme of the former difference, tur- 
ning the other foote to the other perpendicular line, we 
ſhall inde char it will crolle it abour 5 gr. fromthe center: 
which 1s the difference of longitude required, 

Bur if this ditfercnce of longitude were to be found by 
the common ſea-chart, it would ({ceme to be only z gr.20 ws. 
which 1s more then 2 gr.10m.lellc.chen the truth. 
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12 By one latitude, diſt nee aud difference of longitudes, 
to finde the difference of latitudes, 


Let the Sefor be opencd in the line of lines to a right an- 

le, and let the difference of longitude be reckoned in one 
of thoſe lines from the center; then cake rhe proper diſtance 
with a paire of compalles, andſctting rhe one foote in the 
terme of che former difference, rurne the other foore ro the 
other line of the Sefor,and itſhal thence cut off a line,equal 
to the proper difference of latirude required, 
 Soittheplacesgiuen were Aand C, A in the latitude of 
gogr.Cina er latitude but vnknowne, the difference 
of longirude betweene them x gr.5, and the diſtance vpon 
the Rumb 6 gr.or 120 leagues, we ſhall find the difference of 
Jacitude to be x gr. 

For in the chart, let occult meridians be drawne through 
AandC, anda parallell of latirude through A; then open 
the compatllesaccording to the eſt:mared lacicudes of the pla- 
ces to E F the quanritieof 6 gr. in the meridian, and ſetting 
the one foote in A, turne the other to the meridian drawne 
through C, and it ſhall chere cut off the line D C, which is 
the difference ot laticude required. 

In the ſame maner,the S:&or being opened to a right an- 
glc,in the lines of lines,if in rhe one line we reckon the diffe- 
rence of longitude from the center to 5 gr.*, then taking 6 

. for the diſtance out of the line of Meridians,according to 
the latitude of the places, weſet the onefoote in the terme of 

the giuen difference, and turne the other foote to the other 
perpendicular linc , we ſhall finde that it cursa line from it, 
which taken and meaſured in the line of meridians, from 50 
gr.on forward, doth ſhew the difference of latitude to be as 
before x gy. | 

Bur if this difference of latitude were to be found by the 
common fca-chart,it would ſceme ro beonly 2gr.25 m.which 
1s 2 gr.35 m.[clle then the truth, Such js the difference be- 
tweene both thele charts. 

THE 
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THE THIRD BOOK 


Containing the vſc of the particular 
Lines. 


H E lines of /ines, of ſwperficies, of ſolids, of fines, with 

the laterall lines of tangents and meridians, whereof I 

haue hitherunto ſpoken, are thoſe which I princi- 
pally intended: that little roome on the Sefor which remai- 
netch, may be filled vp with ſuch particular lines as each one 
ſhall think conuenient for his purpoſe. I haue made choiſe of 
ſuch as I thought might be beſt prickt on without hindring 
the ſight of the former,viz. lines of Duadratare,of Segments, 
of Inſcribed bodies, of Equated bodies,and of Mettals, 


CHAD. I. 
Of the lines of Quadrature. 


EB lines of quadrature may be knowne by the letrer 2, 
and by their place berweene the lines of [mes. 2 lignih- 
eth the ſide of a ſquare; 5 the ſide of a pentegon with: hue e- 
quall ſides, 6 of an — with ſix equall ſides, and ſo z,8, 
9, and 10. S ſtandsfor the Semidiamerer of a circle, and go 
foraline _— rogo gr. inthe circumference. The vfe of - 


them may be 


x To mike a ſquare equall to a circle gruen. 
2 Tomakeacircleequalt to a ſquare ginen, 


If the circle be firſt giuen, rake his ſemidiametrer;and to it. 
open, the Seftor in the points at S:fo the paralle{iraken from 
betweene the pointsat 2, ſhall be the fide of the ſquare re- 


uired, 
quire a 


of the lines of Quadraturee 


0” CE i... 
* 
fn 
N 
a 


If the ſquare be giuen take his ſide,and to ir open the Se- 
for,in the points at 2: ſo the parallell raken from betweene 
the pointsat S, ſhall be the Semidiameter of the circle requi- 
red, 

Ler the Semidiameter of the circle given be A B,the (ide 
of the ſquare cquall vnto it ſhall be found to be C D, 


3 Toreduce 4 circle giuen,or 4 ſquare into an equall pen- | 
$agon,or other like ſided and like angled fizure. 


| Take the ſideof the figure giuen,and bit it over in his due 
points: ſo the parallels taken from betweene the points - 
a. the 
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the other figures, ſhall be the ſides of thoſe figures: which 
being made vp with &quaii angles, Ihail ve a £quall ons <5 


the other. 


0 find a right line, equall to the civctrmference © * 
of 4 circle, oy ottey part thereof. 


Take the Semidiameter of the circle gen, and to jt open 
the Sefor in the pointsat S$; fo che parallell taken from be- 
tweene the points at go in this line,ſhall be the fourth part of 
the circumference: which being knowne, the other parts 
may be found out by the Caen third Prop. of lines. 

Thus if the Semidiameter of the circle giuen be A B, the 
rightline E F ſhall be found to be the fourth part of the cir- 
cumference, Therefore the double ot E F ſhall be equall co 
the circumference of 180 gr; and the halfe of E F ſhal be the 
circumterence of 4x gr. and fo inthe reſt. 


CHAP. IL 
Of the lines of Seoments. 


You lines of ſegments which are here placed between the 
lines of fines and ſwperficies, and are numbred by 5, 6, 5, 
$,9,10, do repreſent the diameter of a circle, fo dinided into 
a hundred parts, as thar arighr line drawne through theſe 
parts, perpendicular to the diameter, ſhall cut chgeircle into 
two jepments, of which the greater legment ſhall have that” 
proportion to the whole circle, as the parts cur haue to 100. 
The vſe of them may be ne 
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130 Of the lines of Seaments, 


1 To ditide 4 circle Linen into two ſegments, 
b according to 4 proportion giuen. 
2 Tofinde « proportion betweene 4 circle 
and bis ſegments giues, 


Let the Sefor be opened in the points of an 100, to the 
diameter of the circle giuen : ſo a parallell taken from the 
points proportionall to the greater ſegment required, ſhall 
give che depth of that greater ſegment, 

Ocif the ſegments be giuen,let the Seftor be opened as be- 
fore; then rake the depth of the greater ſegment,and carry ic 
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of rhe linerof Inferibed bedies, it 
parallell co the diameters ſo the number of points wherein 
they ſtay, ſhall hew the proportion to 100. | 

Asif the diameter of the circle giuen were 2 L, the depth 
of the greater ſegment L O being 75, doth ſhew the propor- 
tion of the ſegment O MLN tothe circle to be as 75 to 
100. viz. three parts of foure. 
| Hence I might ſhew, if there were any vſe of it, 


To find the ſide of a ſquare,gquall to any 


knowne ſegment of a cixcle. 


The fide of a ſquare equall ro the whole circle , may be 
found by the former Cap. and then having the proportion of 
the ſegment to the circle, we may diminiſh the ſquare in 
fuch proportion,by that which hath been ſhewed Lib. 1, 
Cap.3.Prop.3. 


CHAP. 11h 
Of the lines of Inſcribed bodies. 


Helines of inſcribed bodies are here placed berweene the 
lines of lines, and may be knowne by the letters, D,S,1, 
C,00,T; of which D fignifieth the ſide of a dodecahedron, [ 
of an Icoſahedron, C of a cube, O of an ofabedron, and T of a 
' tetrahedron, all in{cribed into the ſame ſphere; whoſe ſemi- 
diameter js herc ſignified by the letter &, | 
The vſe of thele lines may be, 


1 The ſemidianuter of a ſphere being giutn 0 find 
the | des of the flue regular bodies, which 
may be inſcribed in the ſaia ſphere. 
2 The ſide of any of the flue regular bodies being given, 
_ to find the [emidiamter of a ſphere that will 
circumſcribe the ſaid todie, 


If the ſphere be 6r{t giuengtake hisſemidiameter,andto it 
S 2 | open, 


233 | Of the lines of Equated bodies: 

open the Seftor in the points at S: if any of the other bodies 
be firſt giuen, rake the (ide of ir, and fit it ouer in his due 
points : ſo the parallell caken from berweene the points of 
the other bodics, ſhall be the ſides of thoſe bodies, and may 
be inſcribed into the ſame ſphere. 


A C 


 - . GT 


So if the ſemidiamerer of the ſphere be A C,the ſide of the 
dodecabedron inſcribed hall be D E, b 


CHAP. IIIL. 
Of the lines of Equated bodies. 


+He lines of equated bodies are here placed betweene the 
'T no of lines and ſolids, noted with theſe letters, D, 1,C, 
$, 0,T, of which D ſtands for the ſide of a dodecahedyon, I for 
the ſide of an /roſahedronyC tor the lide of a cube, S for the di- 
ameter of a ſ#here,O for the (ide of an efahbedron,and T for the 
fide of a terrabed-on, all equall one to the other , The vie of 


theſc lines may be | F 


1 The diawrter of a ſphrre bring giuen, to find the ſides 
of the fine reg lar boaies,equall tothat ſphere. 
2 The ſide of any of the fiue regular bodies being giuen, 
to find the d:ameter of 4 ſphere,and the ſides of the 
other bodies, equal tothe firft body giuen. 


If the ſphere be firſt giuen,take hisdiameter, and to it 0- 
en the Sefoy in the points at $: if any of the other bodies 
bo firſt ginen, rakethe ſide of it, and fir it over in hisdue 
points: ſo the parallels raken from between the points of the 
other bodies, thai be the ſides of choſe bodies equall to the 
firſt body giuen. | 
Thus in the laſt diagram,if the diameter of a ſphere given 
be BC, the lide of the dodevabedron cquall to this ſohere, 
would be found to be FG, 
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Of the lintsof Mertalls ti 
C H A P . V, 
Of the Lines of Mettalts. 


Helines of Mettalls are here ioyned with thoſe before 

of equated bodier, and are noted with theſe charaQers 
©. YH, 2. &. Þ. of which O ftands for gold,? for quickſiluer, 
Þ for leade, Þ for fiſner, 2 for copper, & fox iron,and Þfor tin, 
The vſe of them is to giue a properiiny berweene theſe ſe- 
uerall mercalls, in their magnitude and weight, according to 
che experiments of Mermns Ohetaldus, in his booke called 
Promotes Arihimedes. | 


i /nlike bodies of ſeuerall mettalls andequall 
weight, having the magnitude of the one,, 


to finde the mignitude of the veſt. _ 


Take the magnirude giuen out of the lines of Solids, and 
tO it open the Sefoy in the points belonging to the mertall. 
given: ſo the parallclls raken from berween the points ofthe | 
other metralls, and meaſured'in the lines of Solids, ſhall giue 
the magnirude of their bodies. . 

Thus hauing cubesor ſpheres of equall weight, but ſc- 
uerall mettalls, we ſhall fnde char if choſe of tin conraine 
10000 D,the others of iron wil contain 9250,thoſe of copper 
$222, thoſe of (iluer 7161, thoſe of Jead 6435, rhote full of 
quickliluer 545 3, and thoſe of gold 3895. 


2 Inlikebodirs of ſeurrailmeitalls and cquall 
magnitude, hauing the weight of one to 


finds the werght of thereſt. 


- This propoſition 15 the 'conuerſe of the former,” the pre-” 
portion not direct, bur reciprocall, wherefore haning two 
like bodies, take the given weighr of the one ont of the lines 
of Solids,and ro it open the Settor —_ points belonging to - 

2 the: 
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134 Of the linesaf Metals. - 


the mettall of the other body : ſothe parallell taken from the 
poiuts belonging to the body giuen, and meaſured in the 
lines of Solids, fhall giue the weight of the body required. 

As if a cube of gold weighed 38 £,and it were required to 
know the weight of a cube of [cad hauing equal magnitude, 
Firſt I take 3$P. for the weight of the golden cube, out of 
the lines of Solids,& putir ouer in the points of h belonging 
to lead: ſo the parallel] taken from betweene the points of © 
ſtanding for gold, andmeaſured in the lines of Solids, doth 
giue the weight of the leaden cube required co be 23F. 

Thus if a ſphere of gold ſhall weigh 10000, we ſhall finde 
that a ſphere of the ſame diameter full of quickfiluer ſhall 
weigh 7143, a ſphere of lead 6053, aſphere of filuer 5438, 
aſl % ht of copper 4737, 2 ſphere of iron 4210, and a ſphere 
of tin 3895. wer 


3 Abodiebting giuen of one mettall, to make ancthir 
like unto it, of another mettall, and equall weight. 


' Take out one of theſides of thie bodie given, and pur it 


' ouer in the rome belonging ro his mettall: ſo the parallell 


taken from between the points belonging to the other met- 
tall, ſhall ge che like ſide, for the bodie required. It it be 
an irregular bodie, let the other like ſides be found out in 
the ſame manner, | 


Let the bodie giuen be a ſphere of lead containing in 
magnitude 16 D,whoſe diameter is F,to which I amro make 
a ſphere of iron, of cquall waight: If I take out the diamerer 
A, and putit ouer in the points of h belonging tolead, the 
paralle]| caken from . betweene the points of & ſtanding for- 
iron, ſhajl be B, thediameter of the iron ſphere required, 
Andcthis compared with the other diameter, in the lines of 

Solis, 


Of the hints of Menu © vos 
folids will be found to be, 23 4.yu magnitude, 


4 4 body bring viuen of 015 puetall, to make another 
like unto it of another mental, accar- 
ding toa weight giuen. 


Firſt find the ſides of a like hodic of cquall weight, then 
may we either augment or diminiſh them according to the 
proportion giuen by that which we ſhewed before 1n che ſes 
cond and third Prop.of Solids, _ | 

As if the bodie giuen were aſphere of lead, whoſe diame- 
ter is A, andit were required Be 


% 


of iron,which ſhall weigh three times as much: as the ſphere 
of lead: I'take A, and put it ouer inthe points of h, his pa- 
rallell taken from betweene the points of, 2, ſhall giue me B 
for the diameter of an equall ſphere of iron: if this be aug- 
menced in ſuch propoxtion as & yAto 3, it giuerh C for x. 
diameter required, | els 


* 
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3s _ Ofthe liveronthe edges df the Setfor, 


CHAP. VI. 


7. 'Oftthe tines '01 the edges of the 


| Seftor. 


Hf Auing ſhewed ſome vſe of the lines 
' Jon'the flat ſides of the Setter, there 
rermaine one thoſe on the edges,” And 
here one halte ofthe outward edge is di- 
vided into ihches , and numbred accor- 
ding to their diſtance from the ends of 
the SeFor. As in the Seftor of fourtcene 
incheslong; where we find x and 13, it 
ſheweth that diuifion to be 1 inch from 
the nearerend, and 13 inches from the 
farther end of the Seffor. 


=. | he orhet halfe containeth a line of 


leſſer tangents, to which the gnomon is 
Radius. They are here continuedto 7y gr, 
And if there be need to produce them 
farther, take 4; out of the number of de- 
grees —_— and double the remain- 
der: ſo the tangent and /ecant of this dou- 
ble remainder being added,ſhall make vp 
the rangent of the degrees required. 

As if AB being ho Radius, and BC 
the tangent line, it were required to find 
the tangent of 75 gr. If we take 4g gr. 
out of 75 gr. the remainer is 30 gy. and 
the double 60 gr. whoſe tangent is B D, 
and theſecant is AD: if then we adde 
ADrto BD, itmaketh BC the tangent 
of 75 gr.which was required, In like ſort 
the ſecant of 61 gr. added to the tangent 
of 61 gr.giueth che rangent of 75 gr.30 m, 
and the ſecant of 62 gr. added to the tan- 
gent of 62 gr.giucth che tangent of 3G gy. 
and 


Y 


Y 


_ The wſe of the leſſer Tangent. — DJ 


gd, ſoin the reſt. The vſe of this line may be 
' ' bes : © ; 
| To obſerutthe akiiude of the Sunne. 


| Hold rhe Sefor ſo as the ekgans BC may be verticall,and 
the gnomron B A parallel! to the horizon z then rurne the 

nomon toward the Sunne,ſo that it may caft a ſhadow vpon 
the n___—_ the end of the ſhadow ſhal ſhew the altitude 
of| the Sunye.So if the end of the gnomon at x, do gue 2 
ſhadow vnto f, it ſheweth that the altirude is 38 gr.z,ut vnto 
Dzthgn'60 gr. and ſo inthereſt. be 3-1 % 

'Ffitre 15 another vſe of this rangert line, for the drawing 
ofthe houre lines vpon any ordinary plane , whereof I will 
ſct downe theſe propoſitions, 


1 Tedrowthe boure lines vpon ew horizontal plant. 
'2 Toarew tht Hhontelinei upon 6 diretf vertical plane; 


Firſt draw a rightline AC for the horizon and rhe cqua- 
tor, and cyolle it at the point A about the middle of the line 
with ed B anothergight line,which may ſerue for the pieri- 
dian andthe houre of 1 2; then take out 15 gr.gut of the tan- 
gents,and,pricke them downe inthe equator on both (ides 
trom 12: ſo the one point ſhall ſerue for the houre of 11, and 
the other forthe houre of 1, Againe,take our thetangent of 
30gr. and pricke it downe in the equator on both ſides trom 


12: ſo the qne of theſe points ſhall ſerve for the houre of 10;” 


and the other for thehoure of 2.- In like maner may you 
prick downe the tangent of 45 gr. for the houres of 9 and 3, 
and the tangent of 60 gr. for the houres of $ and 4, and the 
tangent of 75 gr. for the houresof 7 and. 

Or if any pleaſe to{erdowne the parts of an houre,he may 
allow 7 gr.zo for cuery halfe houre,and 3 gr.45 w.tor cuc- 
ry quarter, This done,you arcto conſider the latitude of the 
place,and ghe quahrie of the plane: For the ſecant of the lati- 
rude fhal he theſemidiameter in averrical planc,& the ſecant. 
of the complement of the latitude in an horizontal plane. 

$1 For 
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The wſe of the leſſer Tangent. 139 
—----For example, 2bourLondon the latitude is 51 gr. 30 wv! 
and let the plane be verticall, If you take A the fecant of 
'-> 51 gr.30 m9. out of the-Sefor,and pricke it downe inthe me- 
ridian line from A vnto P, the point / ſhall be the center: 
and if you draw rightlines from Y vnto 11, and 10, and the 
| . reſt of the houre points, rhey ſhall be the houre lines requi- 
— Wy 
—W Bur if the plane be horizonrall, then you are to take our 
K AH the ſecant of 38gr.30w. for the ſemidiameter,andprick 
t Sjt downe in the meridian line from 4 vnto H : ſo the right 
lides drawne from the center H vnto the houre points, ſhall 
| bethehoure Iinesrequired; only the houre of 6 15 wanting, 
; and tharmuſt alwayes be drawne paralle]l to the equator, 
through.the center V in a verticall, throughthe center H in 
an horzzontall plane. "0 


'4 To draw the houre lines on a meridian plane. 


| 3 Te draw the honre lines on polarplane.. 
| py -fn zpotar phne the equator may bealfo the ame with the - 
; 


hortzontall line,and the houre points may be pricked'on as - 


before, 'but the houre lines muſt be drawne parallell ro the 
meridian. 
In a meridian plane, the equator will cut the horizontall 
—_ line with an apgle equalIto the complement of the latitude, 
of theplace; then may you make choiſeof the point 1, and \ 
there croſle the equator with arightlmec , which may ſertie 
for che houre of 6: ſo'the tangent of I5 gr. being pricked 
{ gowneinthe equator on both ſides from 6, ſhal ſcrue for the '- 
_- Houres of five 5 and 7;and the tangent of 30 gr.for the haures 
"of $end qzandrhctangent of 45 "ons thc hourcs of 3 ind 9; 
; and the rangenr 6f 6o gr.for the hourcs of 2 and 10; and the 
- rangene of 75 gr. torthe houres of and 11. And if you draw 
right lines through theſe houre points, crofling the equa- 
tor ar-right angles, they ſhall be che houre Ines raqui- 


xcd, 


- " 4+ cx oe we 


5 Todraw the houre lines ia a erticall declining place x 


cro{iimg one the ocher at r! ghe angles in the polnt A. 


Firft,draw A Fthe meridian,and AE the horizontal life, 


2 Then 


Fi 


\ TWe-9/b afbr lof2n amp dnt. 
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" 2” Theiſtake out AY, the ſecant of the latitude of the 


*placs, whieh you may ſuppoſero bs 51 gr. 30 w. and prick it 
- dowae in the meridian line from A yato Y; 


3: Becauſe it is a declining plane, arid you may ſuppoſe it 
to decline 4o gr. Eaxſtward, you are to make an angle of the 
declination vpon the center F, below the horizontall line, 
and to the left hand of the meridian line, becauſe the decli- 
nation is Exſtward, for otherwiſe it ſhould haue bin to the 


- righthand, if the declination had bin Weſtward. 


- 


.4 Take A H.che ſecant ofthe complement of the latitude 
our of the Seftor,& pricke it downe in the line of declination 


' from Aynto H, as you did before for the ſemidiameter in the 


horizontall plane. 


5 Draws line at full length through the point eL,which 


- muſt be perpendicular varo A H, and cut the horizontall 
- line according to the angles of declination, and it will beas ' 


rhe-equaror in the horizonrall plane. 
6 Take the houre points out of the Targent line in the 


- Settsr, andpricke them downe in this equator on both lides 
+ fromche houre of 12 at A. 


7 Lay your ruler,& draw right lines through the center R, 


' &each of theſe houre points: ſo haneyou all the houre lines 


of an horizontall plane, onely the houre of 6 1s wanting, and 
that may be drawne through H perpendicular to H A.- ' 
Laſtly you are to obſerue and marke the inter{efions, 


\ which theſe houre lines do make with A E the horizonrall 
- line ofthe plane: and then if you draw right lines through 
' the center Y, and each of cheſe interſections, they ſhal be the 


F 


houre lines required. 
6 Topricke downe the houre points another way. 


H wing drawne aright line for the equator as before, ad 
m2de choice of che pomt 4, for the houre of 12 :' you may at 
pleaſure cur of two equal lines A 10,and A 2.Then vpon the 


: diſtance berweene 10 and 2, make an equilaterall triangle, 


andyou ſhall haue B for che center of your equator, andehe 
bl = line 
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1ine A B ſhall gine the diſtance from eAtog, and from A to 


. That done rake out the diſtance berweene g and 3, and 
this ſhall give che diſtance trom B vnto 8, and from Þ vnto 7, 
and from 8yrto 1: and againe from B vnto 4, and from 4 
vniog, andfrom4q vnto 11, So hauec you the houre poings, 
andityou take out the diſtance Bi,B z,Bg, &c, You may 
fnde the points not onely for the halte houres, bur allo for 
the quarters, 

Bur if it ſo fall oue,that ſome of theſe houre points fall our 


- of your plane,you may helipe your ſelte by the larger tangent, 


both in the verticall, and horizoncall planes. 

For if at the houre points of 3 and 9, you draw occulr lines 

arallell to the meridian ; the diſtances D C, berweene the 

—— lincof 6, and the houre poines of 3 and 9,will be equal” 
tothe ſemidiameter A V in a verticall,and AH in a horizon- 
call plane, and if they be duidedin ſuch fort as theline A C 
is diuided, you ſhall haue che points of 4, and 5, and 7, and 8, 
with their halfes and quarters. 

As in che horizontall plane, take out the femidiameter 
A H, and makeit a parallell Radius by fitting it over in the 


- fines of goand 90: Then take 15 gr. out of the larger tangent, 


and lay them on the lincs of fnes,where they will reach trom 
the center vnto the fines of 15 gr. 32 mm. therefore take our 
the parallel[ line of 5 gr. 32 m. and ir ſhall giue the diſtance 
from 6 vnto 5, and from 6 ynto 7, in your horizonall plane, 
That done take out 30 gr. out of the larger raugent, and lay 
them on the ſimes, trom the center vntothe lines of 35 vr. 
16 m, and the parallell (ine of 35 g. 16», ſhall give you the 
diſtance from 6 vnto 4,andfrom 6 ynto 8,in your horizontal 
plane. The like may be done for the halte hourcs and quar- 
rers. 

Soalſoin the verticall declining plane. If yon firlt rake ou: 
theſecant of the declination of the plane, and prick it downe 
in chc horizontall line from A vnto E, and chrough E draw 
right lines parallell co the meridian, which will cut the fer- 
mer houre lines of 3 andg, or one of them in the point C : 
then take out the ſemidiamerer A V, andprick it Cowne in 

thoſe 
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thoſe parallells from C vnco D, and draw right lines from A 
ynro C,and from V ynto D ;the line V D ſhall be the houre 
»1 6, andif you dinide theſe lines A C and D C, inſuch ſprt 
25 you diuided the like line D C in che horizontal plane, 
you ſhall haue all che houre points required. 

Or yon nay find the point D,in che houre of 6, without 
knowledge either of HorC. For haning pricke downe A Y 
in the meridian line, and A Z in the hortzonrall line, and 

*drawne parallels roche meridian through the points at FE, 
you may take the tangent of che latitude our of the Sefor,and 
fic ir ouer in the (ines of go and 9o: fo the parallell line of 
the declination meaſured in che ſame tangent line, ſhall there 
ſew the complement of the angle DVA, which ae houre 
line of 6 maketh with the meridian; chen hauing the pointe - 
D, cake our the ſemidiameter VA, and pricke it downe in 
choſe parallels from D vnto C : 1o ſhall you haue the lines 
D C and A Cto be dinided as betore. 

The like might be vſed for the houre lines vypon all other 
planes. Bur I muſt not write all that nay be done by the Se- 
ttor. Ic may lufhce that I haue wrote ſomething of the vſe of 
each linc,and chereby giucn che ingenuous Reader occalion 
to thinke of more, 


The conclulion to the Reader. 

T us well knowne to many of you, that this S:ttor was thus con-" 

triwed, the moſt part of this bocks written in {utin, many copics | 
tranſcribed and diſper/ed more then ſixteene yeares ſince, | am at 
the laſt contented to gine way that it come forthin Engliſh, Not , 
that | thinke it worthy ether of my labour or the publique view, bur 
partly to ſatisfy their importunuty, who not underſtanding the [,4- 
tin, yet were at the charge to buy the inſtrument, and partly for my 
owne caſe. For as it 11 painefull for others to tranſcribe my copie, ' 
fo it 15 troubleſome for me to gine ſati:fultion herein to all that de = 
fret. If 1 finde this togine youcontent, it ſhall inconrage me to do 
the like for my Crolle-ſtafte, and ſome other Inſtruments, In the, 
mane time beare with the Printers fanlts, and ſo 1 reſt, F 
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'  CROSSE-STAFFE. 


CHAP. I. 
Of the deſcription of the Staffe. 


D & He Crofſe-Staffe is an inftrumenc wel knowne 
= to our Sea-men, and much vyſed by the anci- 
FL y} ent Aſtronomers andothers, ſeruing Aftro- 
nomically for obſeruation'of altitude and an- 
= glcs of diſtance in the heauens, Geometri- 

— cally for perpendicular heights and diftan- 
ces on land and ſea. 

The deſcription and ſeuerall vſes of it are extant in print, 
by Gemma Friſixe in Latin, in Engliſh by Dr. Hood. I differ 
fomerhin I borh, in the proje&ion of this Staffe, 
bur ſogas their rules may be applied vnto it,andall their pro- 
poſitions be wrought by it: and therefore referring the Rea- 
der to their bookes, I ſhal be briefe in the explanation of that 
which may be applied from theirs vnto mine, and fo come 
tothe vſe of thoſelines which are of my addition,nor extant 
heretofore. 

The neceſſary parts of this Inſtrumeart are fine: the Staffe, 
the Croſſe, and the three Sghre. The Staffe which I made tor 
my owne vie,isa full yard in length, char ſo ic may ſerue for 
mea{Ure. $94 | 


A The 


2  Thedeſcription of the lines. 

The Croſſe belonging to it is 26-inches5 betweene the 
two outward ſights. It any would haue it in a greater forme, 
the proportion betweene the Staffe and the Crolle, may be 
ſuch as 360 vnto 262, 

The lines inſcribed on the Staffe are of foure ſorts, One of 
them ſerues for meaſure and protrattion : one for obſerua- 
tion ofangles: one for the Sea-chart; and the foure other for 
working of proportions in ſeuerall kinds, | 

The ſine of meaſure isan iv line,and may be knowne by 
his equall parts. The wholeyard being diuided equally into 
36 inches, and cach inch fabdiuided,frk into ten parts, and 
then each tenth part into halfes, 

The line for obſeruation of angles may be knowne by the 
double numbers ſet on both ſides of the line , beginning ar 
the one fide at 20, and ending ar 90: on the other {ide at 40, 
and ending at 180: and this being diuided according to the 
degrees of a quadrant, I call it the rangenr line on the Staffe. 

The next line 1s the meridian of a Sea-chart, according to 
Mercator proiettion from the EquinoQiall to 58 gr.of lati- 
tude, and may be knowne by the letter Hand the numbers 
I.2. 3.4.vnto 58. 

The lines for working of proportions, may be knowne b 
their vnequall diuiſions,and the numbers at the end of eac 
line. | 

1 Thelincof »w#mber;noted with the letter N, diuided vn- 
equally into 1000 parts,and numbred with 1.2.3.4. vnto 10. 

2 Theline of artificiall rangents is noted with the letter T, 
dwided vnequally into 4g degrees,and numbred both ways, 
for the Tangent and the complement, | 

3 Theline of artificial fines, noted with the letter $, di- 
nided vnequally into go degrees,and numbred with 1.2.3.4. 
vnto 90. 

4 The line of verſed fines for more eaſic finding the houre 
2nd azimuth, noted with V, diuided vnequally into about 
164 gr. 50 w.numbred backward with 10.20.30.vnto 164. 

Thus there are ſeuen lines inſcribed on the Staffe ; there 
arc fiuc lines more inſcribed on the Crolle, 

z A 


The inſcription of thelines. F 
z ATangent line of 36 gr. 3 w. numbred by g.ro.rg. 
vnto 35 : the midſt whereof is at 20 gr; and therefore I call ir 
the ravgent of 20; and this hath reſpe& vnto 20 gr.in the Tan« 
gent on the Staffe. 
. 3 A Tangentline of gggr.6w.numbred by 5.10.15.vn- 
to 45; the midſt whereof is at 30 gr. and hath reſpet vnto 
30 gr.in. the Tangent on the Staffe, whereupon I call it the 
tangent of 30. 

A line of s#cbes rumbred with 1.2.3.vnto 26;each inch 
equally ſubdiuided into ten parts,anſwerable tothe inch line 
ypon the Staffe. | 

A line of ſeuerall chords, one anſwerableto a circle of 
ewelue inches ſemidiameter, numbred with 10.20.30. vnato 
60: another to a ſemidiameter of a circle of ſix inches ; and 
che third to aſemidiametergof a circle of three inches ; both 
numbred with 10.20.36.vnto go. 

5 A continuation of the meridian line from 5 7 gr. of la- 
titude vnto 76 gr; and from 96gr.to 84 gr. 

For the inſcription of theſe lines. The firſt for meaſure is 
equally diuided into inches and tenth parts of inches. 

The tangent on the Staffe for obſcruation of angles,with 
the tangent of 20 andthe tangent of zo on the Crofle,may 
all three be inſcribed out of the ordinary table of tangents. The 
Staffe being 36 inches in length; the Radius for the tangent 
on the Staffte will be 13 inches and 103 parts of 1000: ſo the 
 Wholeline will beatangent of 70 gr. and muſt be numbred 
by their complements, & the double of their complements, 
the tangent of 10 gr. being numbred with 80 and 166. 

The Radius for the tangent of 20 on the Crotle , will be 
36 inches,and the whole line berweene the fights a tangent 
of 36 gr. 3. —— as it iS numbred, The Radiusfor the 
tangent of 30 gr.on the Croſle, will be 22 inches and 695 
parts of 1000: ſo the whole line berweene the ſights wil con- 
caine a tangent of 49 gr. 6m, inſuch fort as they are gum- 
| bred, 

The meridian line may be infcribed out of the Table 


which I ſcr downe for this purpole in the vie of the SeRor. 
. a 2 The 


4 Te vſe of the firs of inches * 


The line'ofnumbers may be inſcribed out of the firſt Chi- 
liad of ery. Logarithmes: & the reſt of the lincs of pro- 
portion out of my Cavor of artificiall fines and tangents, and in' _ 
recompence thereof this booke will ſerue as a comment! re 
explane chevfe of my Canon. 2 


CHAP. II. 
The ve of the lines of inches for perpen- 


dicular heights and diſtances. 


F taking of heights and diſtances, the Staffe may be held 
in ſuch ſort, that it may be eueu with the diſtance , and 
the Crofle parallell wich the height : and then if che eye at 
the beginning of the Staffe ſhallſee his marks by the inward 
fides of the two firſt ſights, there will be ſuch proportion be- 
eweene the diſtance and che height, as is berweene the parcs 
intercepted on the Staffe and the Crolle. Which may be far- 
ther explaned in theſe propolicions. 
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1 To find an height at one flation, by knowing 
the diſtance. 


Set the. naddle ſight vnto the diſtance vpon rhe _ 
| the 


for ditghrs and ancer. © 
the height will be found ypon rhe Crofle, For 
As theſegment of the Saffe = __ | 
- ©. .. Yncoche ſegment oache Groller. nf) ot » 
"S615 the dftlnge as Oh an EL, 
vato the khioe, 

As if the diſtance A B being knowne ro be 256 feece, it 
were required to find che-heigbr #C: firſt Þ placerhe mid. |c 
ſight ar 25 inches and 6 paftr of trol ther holding the Scaffe 
leuell with the diſtance, I ruſe the Crofſeyparallettynro the 
height, in ſuch ſortgas that my eye may ſee from ef the be- 
ginning ofthe inches on the Staffe by the fighe E,at the be* 

mning of the inches. on rhe Crotſe vnes the mark Grwhicli 
bon > don if I find x9;inchesand 2'pares of xo thtercepted 
on the Crolle berweene the fighrsac E and D; I woul fiy 
the height B C were 192 feete, 

Or it the obfjeruation were to be made before the diſtance 
were mcaſured, | would ſet the middle1ight either ynco 10 
inches, or 12,0r16,0r 20,0r 24; 6 ſome lirch other number 
as might beſt be diuided ito ſenerall parts, and then worke 
by proportion, AS if inche former example the middle ſight 
were at 24 on the Staffe,and.18 onthe Croffe,it ſhould feem 
char the heighr 1s, of the diſtance;and therefore the diſtance 
being 256, the height ſhould be.nge.: > 4 


2 To finde an h:ight, by knowing ſome part 
of the ſame height. 


' 
As if the height from & ro C were :kmowne to beqs, and 
It wereTequired co find the whole height B C: either pur che 
third fight or ſome other running tight vpon the Crotle* 
berweene the eye and the marke G. For then 
As the diffegareebttwiene*thre fights, 
vnto the whole ſe#ment of che Colle: 
Sois.the pu of the height giuen, 
1 


ro che whole heiphr. 


'f then the difference betweene the fights E and F, ſhall 
a 3 be 


& ' Thenſeeſtidlinwoſiocbes 


be 45, and the ſegment of the Crofle ED 180, thewhols 
height B C will be found to be 193, 


Ti height at rwo ffati knowing the 
Bags nor? roy 7d yati 


As the difference of ſegments on the Staffe, 
vato the differcnce of ftarions; 

Sois the ſegment of the Crofle,' | 
vnto the height, 

Suppoſe the firſt ſtation being at HY, the ſegment of the 
Crotle E D were 180, and the ſegment of the Staffe H D 
300: then coming 64 fecte nearer vnto B,in a dire line,vn- 
fo a ſecond ſtation at A, and making another obſeruation; 
ſuppoſe the ſegmenr of the Crotle E'D were 180 as before, 
and the ſegment of the Staffe A D 240; take 240 out of 300, 
che difference of ſegments will be 60 parts. And 
| As 60 parts vnto 64 the difference of ſtations: 

So D E 180 vnto BC 192 theheight required. 

In theſe three Prop. there is a regard to be had of the 
height of the cye.For the height meaſured, is no more then 
from the lcucll of the eye vpward. 


4 To find 4 diſtance, by knowing the height. 


As the ſegment of the Crolle, 
vnto the ſegment of the Staffe: 
So is the height giuen, 
vnto the diſtance, 
So the ſegment E D being 18, and DA 24, the height 
C B 192,w1ll ſhew the diſtance AB to be 256, | 


5 Tofind adiftance.by knowing part 
of the height. 


As the difference berweene the ſights, 
vnto the ſegment of the Staffe; 


for heights and diff ances. 7 
So is the pare of the height giuen, 
vntothe diſtance; i '* 97" | 
And thus the difference berweene E and F being 45, and 
the ____ D A 249; the part of the height GC 48, will 
giue the diſtance AB ro be 256. 


6 To finde « dilance at two fetions, by knowing 
the difference of the ſame ſtations, - 


Asthe difference of ſegments on the Staffe, 
ynto the difference of ſtations; 

So is the whole ſegment, | oY 
vnto the diftance. } 

And thus theſegment of the Crolle being 180, the feg« 
ment of —_— at the firſt ation 240, at the ſecond 300, 
the difference of the ſegments 60,8 the difference of ſtations 
64, the diſtance A B atthe firſt Ration. will be found to be 
256, and the diſtance HB at the ſecond ſtation 3 20; 


7 To find a breadth by knowing the diſtance per- 
pendicular rothe bredih. 


This is all one with the firſt Prop, For thus bredth 1s þur 
an beight turned ſidewayes : and therefore 
As the {cgment of the Staffe, 
vnto Js ſegment of the Crotle: 
So 1s chediftance 
vnto the bredth, 
And thus the ſegmenr of the Staffe being 24,and the ſeg- 
ment of the Croile 18, the diſtance AB 256, will giuc x 
bredth B C to be 192, 


8 To findabredth at twoſtationsinaline perpen« 
dicular to the bredth,by knowing the diffe- 


rence of the ſame flations. 
This is alfo the ſame wich che third Prop: and rherefor 


Ag 


'L Of takbng afbredtrs, ." 


As the difference of fepments en the Staffe,. ' 
vnto the difference of ſtations;-;; 11), - ;'- 7; 

So the ny os the-Crotle herwetnie the two Gglits, 
vnto the bredefirequired.- 1: ;-:- / 

And thus the difference berweerterlic ations at £ and H 
being 64, the difference of ſegments on the Staffe 60, the 
ſcgmept af the Erofle' r89zthe broth B C'\will*be fund 
to be 192. ani oem ot oy eo ry rn, a0 

In ike maner may we finde the bredth GC for hauing 
found the bredth BC the proportion wilt hold. | 

AsDEisvnto FE, fo BC vato @C. Or otherwiſc, 

As Ha vntoH A, oFEynro&dC. | 
Neither is it materiall whether the rwo ſtations be choſen 


' 


at the one end of the bredth propoled,or withour it,or with- 


in it,if the line betweene the ſtacions be —_— vnto 
the bredth: as may appeare if in ſtead of the ſtations at A and 
H,we make choiſe of the like ſtations at /and XK. 

There might be other wayes op to work theſe Prop. 
by holding the Crotle euen with the diſtance,and the Staffe 


paralletl with the height: bue theſe would proue more trou- 
bleſome, and thoſe which are deluered arc ſufficient, and 
theſame with thoſe which others hauc ſet downe vnder the 
name of the Iacobs ſtaffe. J 


CHAP: 


The fe of the Tangent hues, 
CHAP. 1II. 


The roſe of the Tangent lines 
in taking of Angles. 


1 To find an angle by the Tangent 
on ths Staffe. 


. Frthe middle ſight be alwayes ſet to the middle of the 
Lcd , noted with 20 and 3o, and then the Croſle 
; b drawne 


10 Theſe ofthe Tangent lines 


drawine nexwerthe cys, varill the marks may be ſeene cloſe 
wichin the lights. For ſo it the eyear A(chat end of the Sraffe 
which is noced with 990 a14 i$9)b:holding che marks K and 
N, berweene the rwo firit fights, C and B, or the marks K 
and P herweens the two outward fights, the Crolſe being 
drawne downe vnto H, ſhall ftand ar 3o and 6o, in the Tan- 
ent on the Staffe: ir ſheweth that the angle KAN is 3o gr, 
theanvle KA P 60 pr. the one double to the other ; which 
3s the reaſon of the Souble numbers on this line of the Staffe: 
and chis way wil ſerue for any angle from 20 gr.toward go pr. 
or from 40 gr.toward 189 gr. Bur if the angle be leile then 
 20gr.we muſt then make vie of the Tangene vps the Crolle, 


2 To find an angle by the Tawgent of 20 
wpon the Croſſe. 


Set 20 vnto 20, that is, the middle ſight to the middeſt of 
the Crolle at the end of the Staffe,noted with 20: ſo the eyc 
at A,beholding che marks L and N,clofe berwcene the two 
firlt fights,C and B,ſhall ſee them in an angle of 2 o gr, 

If che marks ſhall be nearer together, as are M and N, 
then draw in the Crolle trom C vnto FE : if they be farther 
aſunder, asarc K and N, then draw out the Croffe from C 
vnto F, ſo the quanririe of che angle ſhal be ſti found in the 
Crofle in che Tangent of 20 gr. at the end of the Staffe; and 
this will ſerue for any angle trom o gr.toward 35 gr, 


3 To find an an7/e by the Tanzent of 30 
wpon the Croſſe. 


This Tangent of $0 is here put the rather, that the end 
of the Statfe reſting at the eye, the hand may more eallly re- 
moue the Crofle: tor it fuppoſeth the Radius to be no lon- 
gerthen A H, which 1s from the eye at the end of the Staffe 
vnto 30 gr.about 22 #ches ahd 7 parts; Wheretorc here ſer 
the middle fight vnto 3ogr.on the Staffe, and then either 
. Gaw the Crolle in or out,vnullithe marks be ſerene between 


the 


in takingof angles, Ir 
the two frft fights; ſo the-quanritie .of the angle will be 
found in the T angent of 3o, which is here repreſented by 
the line GH; and this will ſerue for any angle fromo gr.to- 
ward 48 gr. 


4 To obſerne the altitude of the Sunne backward, 


Here it is ft to haue an horizontall ſight ſet ro the begin- 
ning of the Staffe , and then may you turne your backe to- 
ward the Sun, and your Crolle toward your eye. If the alti- 
rude be vnder 4s gr. ſet the middle fight to 3e on the Staffe, 
and looke by the middle fight through the horizontall vn- 
to the horzzon,mouing the Crolſe ypward or downward, vn- 
till the vpper {fight doe ſhadow the ypper halfe of the hori- 
zontall ſight : fo the altitude will be found in the Tangent 
of 30. 

If the altitude ſhal be more then 45 gr.ſet the middle fighe 
vnto the middeſt of the Crofle,and look by the inward edge 
of the lower light through che horizoncall ro the horizon, 
mouing the middle fight in or out, vnrill che vpper ſight do 
ſhadow the vpper halte of the horizonrall ſight : 1o he alti- 
rude will be found in the degrees on the Sraffe betweene 49 
and 180. | 


5 To ſet the Staffe to any angle giuen, 


This isthe conuerſe of the former Prop. For if the middle 
fight be ſer to his place and degree, the eye. looking cloſe by 
the ſights as before, cannot but ſee his obie(t in the angle 


gen, | 
6 To obſerue the altitude of the Sunne another way. 
Set the middle ſight to the middle of the Crofle,and hold 


the horizontall fight downward, fo as the Crolle may be pa- 
rallell to the horizon, then is the Staffe verticall ; and if che 
outward ſight of the Crotle do ſhadow the horizontall ſight, 
: b z the 


'T? The ſe of the T engent Mnes. 
the complement of the altitude wil be found inthe tangene 
on the Staffe, 


7 Toobſerue an altitude by thread and plunemer. 


Let the middle fight be ſer tothe middeft of the Croſle, 
and to that end of the Sraffe which isnored with go and 180; 
chen hauing a thread anda plummert at the beginning of the 
Croſle,and turning the Crofſe vpward,and the Staffe roward 
che Sunne, the thread willfall on the complement of the al- 
titude aboue the hoxizon, And this may be applied to other 
purpoſes, 


8 Toapphy the lines of ruches to the taking 
of angles. 


If the angles be obſerued berweene the two firſt ſights, 
there wil be ſuch proportion between the parts of the Staffe 
and the parts of the Crolle, as betweene the Radius and the 
Tangent of the angle. 

As if the parts 1aterceprted on the Staffe were 20.inches,the 
arcs on the Crolle 9 inches, Then by proportion as 20 vato 
9, ſo 100000 vnto 45000 the tangent of 24.27.14 m. 

Bur it che angle ſhall be obſcrued berweene the two out- 
ward ſights,the parts being 20 and 9 as before,the angle will \ 
be 48gr.28 #9.double vnto the former, 

In all theſe there is aregard to be had to the parallax of the 
eyc,and his height aboue the Horizon jn obſeruationsat Seaz 
ro the Semid:ameter of the Sun, his parallax and refration, 
as in the vſc of other ſtaues. And 1o this will be as much, 
or more then that which hath been heretofore performed 


by the Croſſe-ftaffe. 
| CHAP, 


The feof the lines of Chords. 


CHAP. 1IIII. 
The oe of the lines of equall parts 
toyned with the lines of Chords. 
HY lines of e 


ul parts do ſerue alſo for protrattion, as 
may appeare 


y the former Diagreams;but being ioyned 
with the lines of Chords, which I place vpon one lide of the 


Crofle, they will farther ſerue for the protraQtion znd reſolu- 
tion of right line triangles; whereof T will giue one example. 
in finding of a diſtance at two ftationsotherwiſc then inthe 
ſecond Cap. | 


FE, 
Let the diſtanco required be A B.At Athe firſt ſtatis I make 
choiſe of aſtation line roward C,and obſerne the angle BAC 
by the tangent lines, which may be 43 gr.20 mw; then hauing 
, 


on an hundred paces toward C, I make my fecond ſtation 
at D, where ſuppoſe I find the angle B D C 


to be 58 gr. or 
b 3 


14  Thewſeofthelines of Chords, 
the angle BD A to be 122 gy; this being done, I may finde 
the diſtance A B in thismaner, | * * 

1 I drawarightline AC, repreſenting the ſtation line.” 

2 I take 100 out of the lines of equall parts, and pricke 
them downe from eF the hrit ſtation vnto D the ſecond. 

3 I open my compaſles to one of the chords of 60 gr. 
and letting one foote in the point eA, with the other I de- 
ſcribe an occult arke of a circle interſeing the ſtation line 
in E. 

4 1 take out of the ſameline of ebords a chord of 43 gr. 
20 #.. (becauſe ſuch was the angle ar the firſt ſtation) and 
this I inſcribe into that occult arke from E vnto F, which 
makestheangleF AD equall co the angle obſcrucd at the 
firſt tation. . . 

5 I deſcribe another like arke vpon the center D, and - 
inſcribe to it a'chord of $8 gr. from C vnro G, and draw 
the right line DG,which.doth meet with the other line 4 F 
in the point PB, and makes the angle BDC equall to the an- 
gle ore ne” at the ſecond ſtation, $0 the angles in the Di«- 


gram being equall to the angles in the field, their ſides wil be 


- alſo proportionall: and —_— 


6 I take our the line AB withrmy compalles, and mea- 
ſuring it in the ſame line of equall parrs,from which I cooke 


_ A D,T finditto be 33s, and ſuch is the diſtance required, 


\%. 
% - 4 


CHAP. 


The 'ofe of the Mer idi line. 
CHAP. V. 


T he -vſe of the Meridian line. 
I 'T He Meridian line,noted with the letter 24,may ſerue 


for the more cafie diuiſion of the plane fea-chart, ac- 
cording to Mercator proiettion. For if you ſhall draw paral- 
lell meridians, each degree being halte an inch diſtant from 
ether, the degrees of this meridian luse on the Staffe, ſhall 
giue the like degrees for the meridians on the charr,from the 
Equinattiall coward the Pole : and then ifthrough theſe de- 
grees you draw ſtreighr lines perpendicular co the meridians, 
they ſhall be parallels ef laritude. 

If any deſire to haue the degrees of his chart larger then 
thoſe which I haue put on the Staffe, he may take theſe and 
increaſe them in a double, or treble,or a decuple proportion 
at his pleaſure, 

2 Thismeridzan line being ioyn ed with the line of chords, 
may ſerue for the protra&tion & reſolution of ſuch righr line 
eriangles as concerne Jatiru de,longirude; rumb and diſtance 
in the practiſe of nauigation, As may appeare by this exam- 

le. | 
a Suppoſe two places giuen, A in che latitude of ro gr. D 
im the latitude of 52 gr. 2, the difference of longitude be- 
eweene them being 6 gr. and ler it be required ro know, firſt 
what Ruinb leadeth trom the one place to che other;ſecond- 
ly how many degrees diſtanr they are aſunder. 

1 I drawarightline A E, repreſenting rhe paralleil of 
che place from whence I deparr. . 

2 | take 6gr.for the difference of longirude, eicher our 
of the line of mches, allowing halte an inch tor enery degree, 
or out of the beginning of . meridian line; ( for there rhe 


meridian degrees d:ffcr very litcle from the equino{tial} de- 
grees) and cheſe 6 gr. F pricxe downe 1n the parallellfrom A 
toE, | 

3 InAande,I eret two perpendiculars, AMand E D, 
repreſcating the meridians of boch places, 


4. I 


_ 
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4 I take the difference of latirude fromgogr. to 52 
£r.30m,out of the meridian line, and pricke it downe in the 
meridians from A vnto M4, and from E to D, and draw the 
rightline MD for the parallel! of the ſecond place, andthe 
right line A D for the line of diſtance betweene both places: 
ſo the angle MAD ſhall ge the Rumb that leaderh from 
the one place to the other. 

5 To finde the quantitie of this angle MA D, T may ei- 
ther make vie of the ProtraQor, orelle of a line of chords, 
and ſo I open my compalles vnto one of the chords ot 6o gr. 
and ſetting one foote in the point A, with the other 1 de- 
ſcribe an occult arke of a circle, interſeQing the meridian in 
F, and the line of diſtance in G; then I = the chord F G 
with my compaſſes, and meaſuring it in the ſawe line of 
chord! as before] find it 56 gr.3: andiuch js the _—_ 

c 


The vſesf the Meridian live.” - tp 
cheRumb tothe meridian, which is the firſt thing that was 
required. 

6 Tofind the quantirie ofthe line of diſtanee'AD,I take- 
jt ome with my compaſles; arid meaſuring it in the meridian 
line, ſerting one foore beneath the lefſer latirude, and the 0- 
ther fooce as much aboue the greater latirude, I find abour 
4 gr.% intercepted betweemborh feer:2nd ſuch 1s the diſtance 
vpo the Rumb,whieh is theſſecond thing that wasrequired. 

Bur if this example were protracted according to the com- 
mon Sca-chart, where the degrees of the equino&tiall aud 
meridian are both alike; 'che Ramb M A D wonld be found 
ro. be aboue 67. gr. and A D the diftance ypon the Rumb a- 
bour 6 gr.+. | 'y | ; 

Suppoſe farther, that having ſet forth from 4 roward D, 
vpon the former Rumb of 56gr.15m.\ Eb E, after the ſhip 
had runne 36 leagues; the wind changing,it ran 5o leagues 
more vypon the ſeyenth Rumb of Eb N, whoſe inclination 
ro the meridizh is 7$8gr.45 m.And tet ir be required to know 
what longitude and. lacicude the ſhip is in,by pricking down 
the way ſereg? vpon the Chart. 

Hauing drawne a blanke chart as before, with-meridians 
& parailels,according to the, latirude ot the places propoled, 

Tt Twonldmake an angle MAD of 6 gr.ls mM. Gr the 
Rumb of N E'b'E, which 1s done after Fi maner : I open 
my compalles to one of the chords of 6o gr. and ferting one * 
foote in the point A, with the other I deſcribe an occult ark 
ofa circle,interſefting the meridian in F; then I take 56 gy. 
152, our of the Fake fin e of chords, and prickerh ein downe' 
from F vnto G : {q the righcline XG ſhall be the Rumb of 
NEGbE. 11> pin; ; 

2 - would take 36 leagues ont of the meridian line, ex- 
tending my'compalſes from 50 gr. to,g1 27. 48 1. or rather 
front'ss mitdi below 56 45 aboue's1; and prick them downe 
ypon the Rumb trom A'vnto 7; ſo the point /,ſhal repreſent 
the-place wherein chefhip was when the wind changed. And 
this 1sin the Keirude of 51 Fr. om. and in the longitude of 
2.67.21 w,Ealtward trom the rtiendian AM. OE 0 R | 
{ , C 3 y 


3B Thewſe of the line of Number 5, 

By the ſame reaſon, I may draw the right line 7 K for 
the Rumb of Eb N, and prickedowne che diſtance of 50 
leagues from 7 vntoK: ſo the point K (hal repreſene the place 
whither the ſhip came;after the running of theſe 50 leagues: 
and this is in the latitude of 51 gr. 30 #v. and in longitude 
6 gr.16 wv. Eaſtward from the firſt meridian A M4, and there- 
fore 16 wv, Eaſtward from the ſecond meridian E D, 

Bur if theſe two courſes were to be pricked downe by the 
common ſea-chart, the poinc I would fall inthe latitude of 
51 7.0m. and the point K in the laticude of 51 gr.30 w. Bur 
the longitude of / would be onely 1 gr,z0m, and the longi- 
eude of K onely 3 gr.5 7 w. which is 33 m Weſtward from the 
meridian of the place to which the ſhip was bound. 

| Such is the difference berweene both chele charts, 


7 CHAP. VI. 
The ve of the line of Numbers. 


1 Having two numbers giuen to find a third in conti- 
nuall proportion,a fourth, Aifigand ſo forward, 


Xrend the compalles from the firſt number vnto the ſe- 
—cond; then may you turne them, from the ſecond to the 
third,and from the third tothe fourth, and ſo forward. 

Let the two numbers giuen be 2 and 4. Extend the com- 
palles from 2 to then may you turne them trom 4to 8,and 
from$ ro 16G, and from 16 to 32, and from z2 to 64,and from 
64 to 128, 

Or if the one foote of the compalles being ſer to 64, the 
other fall out of the line, you may ſer it to another 64 ncarer 
the beginning of the line,and therethe other foor willxeach 
to 128, and from x28 you may turne them to 256, and ſo 
forward. | 

Or if the rwo firſt numbers giuen were 10andg: extend 
the compaſles from 10 at the end of -the linegbacke vnto g, 
then may you 'turnc them fromg vato 8.1, and from 8.x 


vato 


The we of the line of Numbers. IS 
vnte 5.29. And ſo if the ewo firſt numbers giuen were t and 
9, the third would-be found to be Br, the fourth 739, with 
the ſame extent of the compatles. | 

In the ſame maner, if rhe rwo firſt numbers were ro and 
12, you may finde the third proportionall to be 14. 4, the 
fourth 17.28. And with the ſame extent of the compalles,if 
the two firſt numbers were 2: and 12, the'third would be 
tound to be 144, and the fourch to be 1728. 


2 Hauing two extreme numbers ginen, to find 
4 meane proportional berw: en them. 


Diuide the ſpace berweene the extreme numbers into two 
equall parts, and the foore of the compatſes will ſtay ar rhe 
meane progymanglh So the extreme numbersgiuen being 
$ and 32, the meane berweene them will be found to be 16, - 
which may be proued by the former Prop. where it was ſhew- 
ed,that as $to 16, ſoare 16 to 32. 


3 Tofindthe ſquare roote of any number ginen, 


The ſquare roote 1s alwayes the meane proportionall be- 
tweene1 andthe number gen, andthercfore ro be found 
by diuiding the {pace berweenethem into rwo equall parts, 
So theroote of 9 is 3, and the roote of $1 is9, and the roote 
of 144 1512. | 


4 Hauing twoextreme numbers ginen, to find 
ewo meane properiionals between them. 


Diuide the ſpace berweene the two extreme numbers g1- 
uen,intothree equall parts. As if the extreme numbers giuen 
were 8 and 27, diuide the ſpace berweene them into three 
e£quall parts,the feet of the compalles will ftand in 2 2and 18. 


5 To fiadthe cubique roote of a namber giuen. 


The cubique roote isalyayes the firft of two meane pro» 
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!portyonals berweenc I and the number giuen,and therefore 
4o be found by diuzding the ſpace berweene them into three 
equall parts. ology 

} :Seghe-roote of 2728 will be found to be 12. The roote of 
24230 is almoſt 26: andthe roote of 172800 is almoſt 56. 


2: 11. 46 To multiply one number by another, 


Extend the compallesfrom 1 tothe multiplicator;zthe ſame 
extent applied the ſame way, ſhall reach trom che mulcipli- 
cand to the product. F 

As if the numbers to be multiplied were 25 and 30:cither 

extend the compatles from 1to 25, and the fame extent-will 

me che diſtance from 30 ro 750; or extend them from 1 to 
30,and the ſame extent ſhall reach from 25 co 750. 


7. To divide one number by another. 


Extend the compalles from the diuiſor to I, the ſame ex- 
tent ſhall reach from the diuidend to the quotient. 
Soif 750 were to be diuided by 25, the quotient would 


be found ro be 30. 


 $ Three mumber; being giuen to find 
4 fourth proportronall, 


This golden rule, the moſt vietull of all others, is perfor- 
med with like cafe. For extend the compaſles from the firſt 
number torheſecond,rhe-ſame extent ſhall giuerhe diftance 
from the third to the fourth, 

Asfor example,the proportion between the diameter and 
the circumference,is ſaidro be ſuch as 7to 22: if the diame- t 
terbe 14, how much 15 the circuryference ? Extend the com- 
pales from 7 to 22, the ſame exrent ſhall giuc the diſtance 
from 14 to 44 : or extend them trom 7 to 14, andthe faine 
cxtent-ſhal! reach trom 22 ro 44. | 

Either of thele wayes may be tried on ſeucrall peeps of 
this 
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cthisline z but thar place is beſt, where the ſeere ofthe come 
palles may ſtand neareſt together, 


9 Three numbers being giuen to finde a fourth 
in a duplicated proportton. 


This propoſition concernes queſtions of proportion be- 
eweene lines and ſwperficies,; where if the denomination be of 
lines,cxtend the compatles from the firſt to the ſecond num- 
ber of the ſame denomination : ſo the ſame extent being 
doubled,ſhall giuc the diſtance from the third number vnto 
the fourth. | 

The diameter being 14, the content of the circle is 154: 
che diameter being 28, what may the content be? Extend the 
compatlesfrom 14 to 28, the ſame extent doubled will reach 
from 154 to 616, For firit it reacheth from 154 vnto 368;and 
turning the com ang once more,it reacheth trom 308 vnto 
616: and this 15 the content required. 

But if the firſt denomination be of the ſuperficiall con- 
tent, extend the compalles vnto the halfe of the diftance,be- 
tweene the firſt number and the ſecond of the ſame denomi- 
nation : ſo the ſame extent ſhall giue the diſtance from the 
third tothe fourh, 

The content of a circle being 154,the diameter is 14 : the 
content being 616, what may the diameter be ? Diuide the 
diſtance betweene 154 and 616 into two equall parts, then 
ſer one foote in 14, the other will reach to 28 the diame- 


ter required. 


Io Three numbers being ginen to fied a fourth 
in 4 Iriplicated proportion, 


This propolinon concerneth queſtions of proportion be- 
tweene /ines and ſolids;where if the firſt denomination be of 
lines, extend che compalles from the firſt number to the ſe- 
cond of the ſame denomination: ſo the extent being tripled, 
ſhall giuethe diſtance tro the third number ynto the fourth, 

| Cc 3 Suppole 
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I 


Suppoſe the diameter of an iron buller being 4 inches, the 
weight of it was 9T: the diameter being 8 inches, what may 
che weight be? Extend the compaſlesfrom 4 to 8, the ſame 
extent being tripled, will reach from 9 vnto 92, For firſt it 
reacheth from 9 vnto 18;zthen from 18 co 36;chirdly from 36 
co 72. And this is the weight required, 

Bur if rhe firſt denomination ſhall be of the Solid content, 
or of the weight, extend the compatles toa third parr of the 
diſtance berweene the firſt number and the ſecond of the 
fame denomination: ſo the ſame extent ſhal giue the diſtance 
from the third number vnto the fourth, 

The weight of a cube _ 72k, theſide of it was 8 in- 
ches: the weight being gt, what may the fide be?Djuideche 
diſtance berweene 72 and 9,into three equall parts; then ſer 
one foote to 8,the other will reach to 4,the lide required. 


CHAP. VII: 


The ve of the lines of artificial Sines. | 
—_— of fines hath ſuch vſe in finding a fourth pro- 


portionall, as the ordinary Caen of Sines: and the mia- 
ner of finding it,isalwayesſuch as in this example. 
Astheline of 30 gr. vnto the fine of 52 gr. 
So the line of 38 gr. to a fourth line, 

Extend the compalles in the line of fwes from 3o gy. vnto 
52 grzthe ſame exrent ſhall giue the diſtance from 38 gr.vnto 
76 gr. Or extend them from 3o gr.vnto 38 gr.the ſame extent 
will reach from 52 gr.vnro 76 gr. which 1s the fourth pro- 
portionall ſine required. 

And thus may the reſt of all finical proportions be wroughe 
ewo wayes. The minutes which are wanting in the firſt de- 
gree,may be ſupplicd by the linc of Numbers, 


CHAP. 


- pe ew. £9 wikeS 


The we of the line of Tangents. 


CHAP. VIII. 
The ſe of the line of artificiall Tanzents. 


Y $owwr line of T a»gents hath like vſe , but commonly ioy- 
ned with the line of fines: the maner of working by it, 
may appeare by this example. 


As the Tangent of 38 gy. 30 m. 

is to the Tangent ot 23 gr.zo m, 
So the Sine of go gr. 

to 2 fourth Sine, 


This Prop.and ſuch others ypon two lines,may be wrought 
ewo wayes. For extend the compalles from the Tangent of 
38 gr.zom. rothe Tangent of 23 gr.30 m; the ſame extent 
ſhall giue the diftance from the line of go gr.co che line of 33 
27-3 m1. Or elſe extend them from 38 gr.z0m.in the Tangents 
vnto 90 gr.in the line of fer; the ſame extent fromthe Tan- 
gent of 23 gr.30m. ſhall reach to the ſine of 3 3 gr.8 m. which 
15 the fourth proportionall (ine required, 

And thiscrolſework in many caſes is the berter, in regard 
the tangents which ſhould patle on from 4o gr.to 5o gr. and 
ſo forward,do turne backe at 45 gr. Theſe two lines of Sines 
and Tangents, may ſeruefor the reſolution of all ſphericall cri- 
angles, according to thoſe Canons which I haue ſer downe 
in the vſe of the Setter. 

Or if at any time one meete with a ſecanrte, lethim account 
the fine of 8 gr. for a ſecant of 10 gr. and rhe fine of 70 pr. 
for a ſecent of 20 gr. and ſo take the line of the complement 
in ſtcad of the ſecarr. Asifthe propoſition were, 


As the Radius to the ſecant of 51 gr:30m. 
So theline of 23 gr. 30m. toa tourth line. 


Extend the compalles from the Radius that is the ſine of 
90 gr. tothe line of 38 gr. 30m. the ſame extent will giue che 


diltance from the inc of 23 gr.30m.both to che inc of 14 27+ 
22 
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22m.andtotheline of 39gr.50m. Bur in this caſe, the ſine 
of 39gr.50 m. is the fourth required. For che firſt number 
being letle then the ſecond, that is,the Radius lefle then the 
ſecant, the line rin at ”, which isthe third , muſp alſo 
be lefle then the fourth. 


CHAP. IX, 


The ſe of the line of Sines and Tatoents 
royned with the line of nuniber 


— lines of ſines and tangents haue another like vſc 1oy- 
ned with che line of ##mbers,cſpecially in thereſolution 
ot right linetriangles, where the angles are meaſured by de- 
grecs and minutes, and the {ides meaſured by abſolute num- 
bers, whereof I will ſer downe thele propoſitions, 


1  Hawing three angles and one ſide,to find 
the two other (ides. 


As the line of the angle oppoſite to the (ide given, 
15tg the number belonging to that lide giuen: 

So theline of che angle oppolite to the (ide required, 
ro the number belonging to the ſide required, 


As in the example of the fourth Cap.of this booke, where 
knowing the diſtance berweene two ſtations at And D 
to be 100 paces, theangle BAC to be 43 gr.20 m..and the 
angle B D Cto be 58 gr, it was required to find the diſtance 
AB. : ; 

Firſt having theſe two angles, I may find the third angle 
ABD to be 14 gr.40 ms. either by ſubſtraion or. by comple- 
ment vnto 480, Thenan the triangle BA D,1 haue three an- 
plcs, and one hide, whereby T may find both AB and DB. I 

now the angle. ABD oppolite to the meaſured fide. sf D 
ro be 14gr.40 wm. andrhcavgle ADB oppolite to the lide 
required, to be 12 2:97: wherctore I Excend the compalles 1n 

che 
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theline of fnesfrom 14 gr.40 w.vnto 122 gr. or (which is all 
one)to 58 gr. (for after go gr.the ſine of $0 gr. is alſo the ſine 
of 200 gr. and theline of 90 gr.thefine of 110 gr. and ſoin 
the reſt) {0 ſhall I ind the fame cxtenc to reach in the line of 
wambers; from 100 viito 335, And ſuch is the diſtance requi- 


red berweene AandB. 
G5 


—— 


In like marfer if I extend my compalles from the ſine of 
14 £r.40 m.to the ſine of 43 gr. 20m. the ſame extent will 
reach in theline of #umbers from 100 to 271, And ſuch is the 
diſtance betweene D and B, 

Or in crotle worke, I may extend the compaſſes from 14 
$r.40 m.inthe fnes,vn:o 100 parts in the line of numbers : ſo 
the ſame extent will giue the diſtance from $58 gr. to 335 
parts, and from 43 £7.20 w, to 271 parts. 


d 2 Ha 


L ——e—_—_— 


26 Thewſeoftheline of Sines and Tangents 


2 Hawuing two ſilesginen, and ont angle oppoſite to either 
| of theſe fides.ro find the other rwo angles 
and the third ſide. 


As the fide oppoſite to the angle giuen, 
*  istotheline of the angle gmen: 
Sothe-other (ide ginen, | | 
eo che fine of thar angle to which it is oppoſite, 


So in the former triangle, hauing the two ſides LB 335 
paces, and A D 100 paces, . and knowing the angle AD B, 
which is oppoſite to the fide AB, to be 122 gr. I may find 
the angle A BD, which is oppolite to the other ſide AD. 
For if I exrend the compaſles trom 33F to 100 in the line of 
nembcri, T ſhall finde the ſame extent toreach in the line of 
fines from 122 gr.co 14 gr.q40 mz and therefore ſuch is the an- 
gle ABD, 

Then knowing theſe two angles ABD and ADB, I may 
find the third angle B AD either by ſubtradtion or by com- 
picment co 180, to be 43 gr.20 mz and hauing three angles 
and two lides, I may well hnd the chird fide DB, by the for- 
mer Prop. , 

This may be done more readily by crolle worke. For if I 
extend the compalles trom 335 parcs, in the linc of numbers, 
ro the (inc of 122 gr.the ſame extent wil reach trom 100 parts 
tothe fine of 14 gr7.40 -' and backe from 43 gr.20.. to 271 
parts; and ſuch 1s the third ide DB. =. 


3 Hauinz two ſides and the anglebetween them,to find 
the two other angle; and the third ſide. 


If the angle contained berweene the two ſides be a right 
angle, che orher wwo angles will be found readily by this ca- 
ON, 

As che greater ſide giuen, 
15 rothe lefler fide: 


— 
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So the tangent of 45 gr. 
to the tangent of the leſſer angle. 

So in the reQangle triangle A1B, knowing the fide 41 
to be 244, andthe fide 7 B tobe 230: if I extend the com-- 
palles from 244 to 230 in the lineof numbers, the ſame ex- 
tent will reach from 45 gr.toabout 43 gr.20 ms. in the line of 
tangents; ani {uch is the lefſer angle B AT, and the comple- 
ment 46 gr.40 m. ſhewes che greaterangle A B /. The angles 
being knowne, the third fide A B may be found by the firſt 
Prop. 

& likewiſe in the example of the third Cap.of this booke, 
concerning taking ofangles by the line of icbes, where the 
parts intercepted on the Staffe being 20 inches, and rhe parts 
on the Crotle g inches,it wasrequired to find the angle of al- 
titude. For I may exrend the compalles in the line of »«m- 
bers, from 20 vnto g,the {ame extent will reach in the line of 
tangents, from 45 gr.to 24 gr. 14m. Orin the crofle worke, I 
may extend the compalles from 20 parts in the line of »wn- 
bers to the tangent of 45 gr; the ſame extent ſhall giue the 
diſtance from g parts vnto the tangent of 24 er. 14m. And 
Juch 15 the angle of altitude required. 

But if it be an oblique angle that is contained betweene 
the two ſides giuen, the triangle may be reduced into two 
reQangle triangles, and then reſolued as before. 

As inthe triangle AD B, where the (ide A B is 335, and 
the fide AD 100, andthe angle BAD 43 gr. 20 m: if I lee 
downe the perpendicular DH pon the (ide A B, I ſhal hane 
two retangle triangles, AHD, DtiB; andin the reQangle 
AHD,the angle at A being 43 gr.20 m.the orher angle ADH 
will be 46 gr.4o mz and with theſe angles and rhe fideeA D, 
I may find both 4 H and DH, by the firſt Prop. Then taking 
A H outof A B, there remaines H B for the ſide of the re- 
(tangle DH Bzand therefore wich chis {ide H B and the other 
ſide D H, I may find: both the angle at B, and the third lide 
DB,as mn the former part of this Prop. 

Or I may find the angles required, withont letting downe 

any perpendicular, For | 
d 2 As 


& 


a3  Theroſcof the line of Sints aud Tangents 


As the ſumme of the lides, 
is to the difference of the fides: 

So the tangent of the halfe ſumme of the oppoſite an >. 
rochetangent of half the difference between thoſe angles, 


As inthe former triangle A D B, the ſumme of the ſides 
AB, AD,is 435, and the difference betweene them 235; the 
angle contained 43 gr.20 m; and therefore the ſumme of the 
two oppoſite angles 136 gr.40 mn. and the halfe ſumme 68 gr 
20m. Hereupon I cxtend the compalles in the line of num- 
bers from 455 to 235, andI find them to reach mm the line of 
tangents from 68 gr. 20m. vnto 53 £7.49 m; and ſuch is the 
halfte difference berweene the oppolire angles at B and D. 
Thishalfe difference being added to the halfe ſumme, doth 
gine 122 gy. forthe greaterangle ADB: and being ſub- 
tracted,it leaueth 14 gr.qom.for the lefſer angle ABD.Then 
the three angles being knowne , the third (ide BD may be 
found by the firtt Prop. 


4 Haging th: three ſides of a right lint triangleto find 
the perpendicular and the three angles, 


Let one of the three ſides | 220"s be the baſe, but rather the 
greater ſide,that the perpendicular may fall within the trian- 
gle;zthen gather the ſumme,and the difference of the two 0- 


ther ſides,and the proportion will hold. 


As the baſe of the triangle, 
is to the ſumme of the (1des: 

So the difference of the ſides 
roafourth, which being taken forth of the baſe, che 
perpendicular ſhal fall on the middle of the remainder, 


As in the former triangle ADB, where the baſe AB is 3 35, 
the ſumme of the ſides AD and DB 371, and the difference 
of them 271. If I extend the compatlles in the line of »wm- 
bers from 335 vnto 371, I ſhall find the ſame extent to reach 
from 171 vnto 189.4. This fourth number I take out of the 


baſe 
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baſe 335.0, and the remainder is 145.6, the halfe whereof is 
72.8, and doth ſhewthe place H, where the perpendicular 
ſhall fall,from the angle D,vpon the baſe A B, diuiding the 
former criangle ADB into two right angle rings DHA 
and DHB, in which the angles may be found by the former, 
part of the third Prop. And Ris may fuihce for right line trt- 
angles, Bur for the more eaſe protrattion of thele triangies, 
I will ſet downe one propoſition more concerning prove. 


5 Hanuing the ſemidiameter of a circleto find 
the chords of egery arke. 
Astheline of 3o gr. 
to the fine of halfe the arke propoſed: 
So is the ſemidiameter of the circle giuen, * 
to the chord of the ſame arke. 

As f in protratting the former triangle ADB, it were re- 
quired to find the length of a chord of 43 gr.20 ms. agreeing 
ro the {zxm'diameter A E, which is knowne to be 3 inches. 
T he halte of 43 gr. 20m. is 21 gr. 40 m; wherefore I extend 
the compalles trom the line of 3o gr.tothe (line of 21 gr.q0 m. 
and I finde the ſame cxtent to reach in the line of »«mbers 
from 3.000.perts to 2.215; which ſhewes, that the ſemidia- 
meter being 3 inches, the chord of 43-gr.20 #2. will be 2 in- 
chesand 215 parts of 1000, | 

In like maner the chord of 58 gr.agreeing to the ſame ſe- 
midiameter, would be found to be 2.5»ches and gog parts, For 
the halfeof 58 being 29; if I excend the compatles in the line 
of fines from 3o gr.to 29 gr. the fame extent will reach in che 
line of n#mbers {rom 3.000;vnto 2.999, 

Or in croſſe worke, if I extend the compaſles from the /ne- 
of 30 gr.to 3.000. the line of »awbers, I (hall find che ſame 
extent to reach from 21 gr.40 m.to 2.215 parts, and from 29 
gr.t0 2.909 perts, and from 7 gr.20 m. to 765 parts; forthe 


chord of 1497.40 mw. forthethurdangle ABD. 
d 3 CHAP. 


The ſe of the line of verſed Sines; 


CHAP. X. 
The -oſe of the line of verſed ſines. 


His line of verſed /imes 15no neceſſary line, For all trian- 

les, both right lined and ſphericall, may be reſolued by | 

the Ton former lines of numbers, fines and tangents; yer I 7 

thoughr good to pur it on the Staffe for the more calle {in- 

ding ofan angle hauing rhree (ides,ora (ide hauing three an- 
gles of a ſphericall criangle gen, 

Suppole the three (ſides ro be,one of them 1 10 gr.the other 
78 gr. andthe third 38 gr.30 m. and let it be required to find { 
the angle,whoſe baſe is L110 gr. 2 

I firſt addethem togerher,and from halfe che fumme ſub- ; 
tract the baſe,noting the difference after this maner, ; 

The baſe I10 gr.0m. 
The one ſide 78 o q 
The other ſide 38 30 | 

| 


The ſumme of all three 226 3o 
The halfe ſumme 113 If | ; 
| The difference 3 15 ; 
Wi: This done, I come to the Staffe, andiextend the compalles | 
Will | from the ſine of go gr.to the line of 78 gr.which is one of the 
40080! ſides; and applying this extentfrom the lineof the other ſide * 
| 38gr.30m:1 findit to reach to a fourth ſine,abour 37 gr.z0 ; 

m, From this fourth fine of 37 gr.zo m.I extend the compaſ- . 
ſes again,to the ſine of the halte ſumme 113 gr.15 w, (which 
: 


is all one with the (ine of 66 gr.q5 m.) and this ſecond extent 
wil reach from the ſine of the ditterence 3.gr.15 m.to the linc 
of 4 gr.54 m.Ouer againſt this fine you ſhal hnd 146 gr.in the 
line of verſed fer; and ſuch is the angle required, 


TCR IE" 


_ __ As Oe anon Deen > > gn 
> _ > eee — S 
. Þ _—_ —_ —_— 
— PG poet 
—— — X - ” - 9 Hon 
my 
* 


90 


n— ALE pm 
—_— + $94 08 


Bt. Ret RIO SL NETTED Y 


MTA 


THE SECOND BOOKE. 
Of the oe of the former lines of proportts, 


more particularly exemplified 


in ſeuerall kinds, 


He former booke containing the gene- 

rall vſe of each line of proportion,may be 

- ſufficienc for all thoſe which know che 
rule of Three, and the dodtrine of triangles. 

But for others, | ſuppoſe it would be more diffi- 
cult to find either che declination of the Sunne, 
or his amylitude, or the like, by that which hath 
been (aid in che vſe of the line of fines, valetle 


— 


0 


they may hwe the parricular proportions, by 


which ſuch propolicions are to be wrought. And 
therefore for their ſakes I hane ne as, this ſe- 
cond booke, containing ſenerall proportions tor 
propoſitions of ordinary vſe, and ſet them down 
in ſuch order,that the Reader conlidering which 
1s the firft of the three numbers giuen,may calily 
apply them to the Sector, and allo refolue them 


by Arithmerique, beginning with choſe which. 


require help onely of the line of numbers, 


CHAP. L 


The ſe of the line of Numbers in broade- 


mea{ure, ſuch as boord, glaſſe, 
and the like. 


are feete and inches, cach foote diu:ded 1n- 


to 12 inches, and cuery inch into halues & quar- 
Lcrs, 


SN 1:nt. 


TT ordinary meaſure for bredrh and lepgth ',=' 
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ters, which being parts of ſeucral denominations,doth breed 
much trouble both in arichmerique and the vſe of inftru- 
ments. 

For the auoiding whereof, where I may preuaile I gine 
this counſel), that ſuch as are delighted in meaſure would 
vic ſeuerall lines, firſt a line of inch meaſure, wherein cuery 
inch may be aiuided into 10 or 100 parts; ſecondly a line 


of foote meaſure, wherein euery toote may be dinided into. 
100 or 1000 parts, both which lines may be ſer on the ſame. 


ſide of a wo foote ruler,after this or the like maner, 


FT Tr rr LE EU AMAGWG UW ETESGAMNSDS! _ 5 
| TAGS MR RO yy  _ _ Ra | m—_ — —_ CO RO RR 


[inck M I : 2 3] 
[Foot M. . 1 2 


DL CL CT TIES I BS WR CC — II 
F__ Ml clclgMy E Dl CC CET CES ILL LE LLC LEED EEE 


WW 


Then if they be to giue the content of any ſuperficies or 
ſolid in inches, they may meaſure the ſides of 1t by the line of 
anches and parts of inches;bur if they be to giue the content 
in feete, it would be more calic for them to meaſure thoſe 
ſides by the foote line and his parts, | 

For example, let the length of a plane be zo inches, and 
the bredth 21 inches and £ of an inch ; this length mulri- 

lied into the bredch, would giue the content to be 648 
inches: but if I were to find the content of the ſame plane 1n 
feet, I would meaſure the fides of it by the foote line and his 

arts; ſo the length would proue to be 2 feete 32, and the 

redth 1 foote =, and the lenge multiplied by the bredth, 
cutting off the toure laſt figures, ſor the foure figures of the 
parts, would give the content to be 4. Fo0o, which 15 4 foote 
and 5000 parts,of a foot being diuided into 10000 parts. 
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in broad meaſure; * re 
The like reaſon holdeth for yards and elnes, andall other 
meaſures diuigded into 10,190,0r 1000 parts. 
This being preſuppoled, . the worke:;will be more eaſic 
borh by arichmetique and the line of ##wbers,as may appearc 
by theſe propoſitions, | 


 Huutng the bredth and len th of any ob &r- 
. fries ginen it a gin Ir 
©: the content ineuches, © 


! 


NY 
As 1 inch vnto the bredth in inches: ” 
| $othe length in inches ynto the content in inches, - - 
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Suppoſe in the plane AD,the bredth A C to be go.inches, 
andthe length A B to be x83 inches extend the compaſles 
from 1 vnto 30, the ſame extent will reach from x83 vnto 
5490; or extend them from x 'vnto 183, the ſame extent will 
reach from 36 vynto.5490. So both wayes thexcantent requi- 
red is found to be 5490 inches. @ > + 

As1 vnto 30: ſo are 183 vnto $490. 


; 2 Having the length and bredth of any oblong ſuper- 


ficies zinen in inechts,to finals the con-""\ 
tent in fecte, © On] 


% 
> 


As 144 inches vnto the bredth in inches; 

' Sothelength in inches'\ynto the conrent in feere. 

And thus'm Js former plane A D,working as hefore,the 
content will be tound to be 38.225, which\is 38 foote and ; 
of a foote, | 

As 144 vnto 30: ſo are 183 vnto 38.125. 
- s - 3 Ha- 
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Haurn the lewgth and bredth of any oblong ſuper- 
P Fi cs Linen in foote meaſure, to finde 
then 5 agar the tentent in fete.” £ 


RD 
As 1 foote vnto hs heedkh i in foote meaſure: 
So the lengrh i in feete vnto the content in feete. | 
Andchusin che former plarie AD, the bredch will be 2 
foote 50 parts;andrbic lengeh as foorzs pares;then working 
| asbcefore,the content wl befound:to be 38.125, 
As1 ynto 2.50: ſo are 15,25 vnto 38.125. 


-4 Having the bredth of any oblong ſuper ficies w—_ in 
incher,und the length in foote megſuredta........ 
fond ths content in feet. 


As 12 inches to the bredth in inches: .. 
So the length in feet to the content in feet, 


Soalſo in the former plane, the content will be e found to: 


be:3B3.125: 
As1z vnto 30: ſoare IF.25vnto 38.125. 


5 5 Hung the breath of an #bloug ſuperſicies given 
' #u enches;to findthe length of afoot fi 12. 
or 90+) in inch meofure. HET 


As the bredrh i in inches,ynto 144 inches: 
So x foot vnto thee length.in inch meature, 


$0 the bredth:bemmg:3047 ohrs,the lenge, of. oor wil be 
found to be 4 inches $o Parts 1,» 
As 30 vnto 144: ſoare Lynto4.80. 


6 Hauing thebredth and length of an lene ſuperficies 
-:-  giuenin feetto fiudity length of a fees. + 
[uper fictall foot meaſure. 
As the bredch in foot meafure to 1-foot: 
So the number of feet tothe length in foormeaſure; 
; Ss 
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So the bredth being 2 foot 50 parts, the length of a foor 
will be found to be-4o parts,” the lengrhiof 2 feete 80 parts, 
and the length of 3 feer:2:fheracoparts, &c. 
As'250Vpro 130 ae yAro gow: i 


7 Hawing the length and bredth of an oblow ſwper ficter, 
to find the ſide of a ſquare equall ts heoblangs 
| DIDNIIE 112112 583 ©3 £3-1g oC 

Diuide theſpace betweeneiche Iengchandrhebredd in- 
to two cquall parts, and the foot:of the compatles wilbftay-ar 
che ſide of the ſquare. _;: i fe noe wh nfs tg oe ok 

So the length being 183 inches,and the bredth zo inches, 
the (ide of the ſquare will be:found to be almoſt 74 inches 
and 10 parts of 100. 

Or the bredch being 2 foor and go.parts;the lengrhary foot 
and 25 parts, the ſide of the ſquare wil be found to be abouer 
Em” Te TT TT 
| As 30 vntp 74410: 10 are 74.10 vnto 183.027. . 

"And 2533 vifeo 6. 174 tb are'6.174 voto 15.247, 

$ Hawing the diameter of acircle, ts find the e ſide 
of ſquare equal tothat cixcle, 
As ro006 to the diameter: - 1 1 
So 8862-vnto the (ide of the ſquare, VIE 
So the diameter of a circle being 15 inches,the (ide of the 
ſquare will be found abour 13 inc es and 29 parts, _ 
| AS x9000 \nto 8862: ſoare 15 vnto't3.29; © = 
(40436 WY UH HI BURY AIRY 7 $28, 5 #0. -*; 
g Hauing the circumference of a circlets find the {ide 
of a ſquare equall tothe ſame circle, © 
—-” . EYE 4 [ © 


\Av1oooa tothe croumferences !--- |» [55 
© $0 2$21 tothe lide of the ſquare, * 
So the cxcumterence of acircle being 47.inches 13 parts, 
the lide of the ſquare will be about 13 inches 29 parts. 


 .,.:*A$10000 yito 2821; ſoare 47.13 vnto 13.29. 
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'16 Haming the diameter of a circle, to find 
$73 the edrcunsference. 306-205 201 
11 Haring the cir: umiferonce of a circle, - 
> >, #ofindthe diameter, 
'A5To65 to the digmeter:. ,. 
LW So 3142 to the circumference, 
f MR +; So'the:diamerer being 15 inches, the circumference will 
i 1. be found abour 47 inches 13 parts: or the cireumference be- 
IF 13-18 : ing 47.13, the diameter will be 15. 


p73 CHAP. IL: 


Theroſe of the line of Numbers in the meaſure 
of land by perches and acres. | 


: Having the bredth and lewgth of an oblong ſuper ficies 
if ginen in perches, to flud the content in perches. 
| y | | 'As1 perch tothe bredth in perches: l 

il Sothe length in perclies to the content in perches, 


| Sointhe — AD, the bredth FC be 3o-per- 
yi! | ches, and the length AZ 183 perches, the content will be 
ln found to be 5490 perches. | 


2 Hauing the length and bredeb of aw obleng ſuperficies 
given in perches,to find the comtent in acres. 


1% 


As 160 to{the bredth in perches; 

So the length in perches to the content in acres, 
 Sointhe former plane A D,' the content will be found 
ce bc 34 acres,and 31 centeſms or parts of an 100, 

| A369 vnto 30; fo are 183 vato 34.31, 


3 Having 
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| 3 Hawing the logs end bredth of an oblong ſuper ficies 
Linen in chainesyo find the comtent in acres. 


It being troubleſome to diuide the content in perches 

by 160, we may meaſure the length and bredth by akin 
each chaine being 4 perches in length, and diuided into 100 
links, then will the worke be more caſic in arithmetique, 


For 
As 10 to the content in chaines: 


So che length in chaines to the content in acres. 


And thus in the former plane AD,the bredth 4 C will be 
7 chaines 50 links, andthe length A B 45 chaines 75 links; 
then working as before, the content will be found as before, 


34 acres $1 parts, 


Hauing the perpendicular and baſe of a triangle given 
& in perches, to find the parc os acres. 6 


If che perpendicular go for the bredth , and the baſe for 
the length, the trianglewill be the halfe of the oblong. As 
the triangle CE D isthe halfe of the oblong AD, whoſe 
content was found in the former Prop, Or without hal- 


fing, 


As 320 to the perpendicular: 
So the baſe to the content in acres, 


So in the triangle C E D,the perpendicular being 30,and 
the baſe 183, the conrent will be found to be about 17 acres 


and 15 parts. 
5 Hauing the perpendicular and baſe of a triangle giuen 
| in chaines, to find the content in Acres. 
As20to the perpendicular: . 
Sothe baſe ro the content in acres. 
Ando in the triangle GED, che perpendicular F F be- 
E 3 1 -F 


of 
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ing 7.50, and the baſe C D 45.75, the content will be found 
as before to be about 17 acres 15 parts. Y 


6 Haning the content of a ſuperficies efter one kind 
of perch, to findthe content of the ſame ſuper- 
fictes according $0 another kind of perch. 


Asthe length of the ſecond perch . 
co the length of the firſt perch; 
So the content in acres to a fourth number; 
and that fourth ro the contenr in acres required. 
Suppoſe the planc A D meaſured with a chaine of 66 feet, 

or with a perch of 16 feete andan halfe, contained 34 acres 
3T parts; and it were demanded how many acres it would 
containe if it were meaſured with a chaine of 18 foor to the 
perch : theſe kind of propoſitions are wrought by the back- 
ward rule of three, after a duplicated proportion, Wherefore 
I extend the compaſles from 16.5 vnto 18.0, and the ſame 
extent doth reach backward, firſt from 34.31 to 31.45, and 
then from 31.45 to 28.84, which ſhewes the content to be 
28 acres $4 parts. . 


7 Hauing the plot of a plane with the content in acres, 
$0 find the ſcale by which it was plotted. 


Suppoſe the plane AD contained 34 acres 31 centeſmes; 
if I ſhould meaſure it with a ſcale of 10 in the inch, the 
length AB would be 38 chaines and about x 2 centeſmes, and 
 thebredth AC 6 chaines and 25 centeſmes; and the content 
would be found by the third Prop.of this Chapter, to be a- 
bour 23 acres 82 parts, whereas it ſhould be 34 acres 31 parts, 

Wherefore I diuide the diſtance betweene 23.82,and 34. 
31,ypon the line of ##mbzy; into two equall parts; then ler- 
ting one foote of the compalles ypon 10, my ſuppoſed ſcale, 
I find che other to extend to 12, which is the ſcale required, 
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in ſquared ſolids. 30 


CHAP. III. 
! The -wſeof theline of Numbers in ſolid meaſure, 
|; ſuch as fone, timber, and the like. 


i a l 
| Ec 6] 


; 1 Haging the fide of a ſquare equall ts the baſe of any 
| ſold ginen in inch meeſnre, to find the leneth 
| of a foot ſolid in inch meaſare. 


T He ſide of a ſquare equall to the baſe of a ſolid, may be 
found by diuiding the ſpace berweene the length and 
bredrh into two equall parts, as in the 7 Prop.of broad mica- 
ſure. Then 
As the ſide of the ſquare in inches to 41.57: 
Sois x foot to a fourth number; 
and that fourth te the length in'inches. 

So in the ſolid A H, the (ide of the ſquare equall to the 
baſe E Cbeing about 25 inches 45 parts, the length of a foor 
ſolid will be found abour 2 inches 67 parts, and the length 
of two foor ſolid 5 inches 33 parts. 

As 25.45 vnto 41:57 : ſo 1.00 vnto 1:63: 
and ſo are1.63 'vnto 2.67, | 


2 Having the ſide of a ſquare equal to the baſe of any ſ0- 
lid giuen in foot meaſure,to find the length 
of « foot ſolid in foot meaſure. 


As the ſide of the ſquare in feet vnto 33 
So is 1 vntoa fourch number; 
And that fourth to the length in foot meaſure; 
So inthe ſolid LH, the ſide of the ſquare equal] to wo 
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baſe EE, being about 2 foote 120 parts,the length of a foot 
ſolid will be found about 222 parts of a foot, 


As 2.120 vnto 1.000: ſo 1,000 ynto 0.471: 
and ſoarc 471 vnto 222. 


3 Haning the breath and depth of « ſquared ſolid gives 


in foot meaſure, to find the length of 4 
foot ſolid in foot meaſure. 
As 1 vntothe bredrh in foor meaſure: 


So the depth in feet to a fourth number; 
which 1s the content of the baſe in foot meaſure. Then 


As this fourth number-ynto r: 
So 1 vntothe length in foot meaſure, 


So in the ſolid A H,the bredrth being 2 foor go parts, the 


depth1 foot 8 parts, the content of the baſe E C will be 
found 4 foot 5o parts,and goa, of one foot ſolid about 


222 parts, the length of two 


oot ſolid about 444 parts 


of 1000, 


As 1.00 vnto 2.50: ſo are 1.80 vnto 4.50. 
As4.50vnto 1.00: 10 1.000 ynto 0.222, 


4 Having the bredeh and depth of « [quared ſolid fe 
wen in inches, to find the length of a foot 
ſolid in inch meaſure; 
As 2 hath to the bredth in inches: 


So the depth in inches to a fourth number; 
which is the content of the.baſe in inches. Then 


As this fourth number ynto 1728: 
So,x vnto the length of a foot in inch meaſure. 


So in the ſolid A H,the bredth A C being 30 inches, and 


the depth A E 21 inches 60 parts, the content of the baſe EC 
will be found co be 648 inches, and the length of a foot 1vlid 


about 2 inches 67 parts, 


' #n ſquared ſolids. © 4k 
'As x vnto21.6:ſo 30 vnto 648: 
As 648 vnto 1728: ſo 1 vnto 2,667, 


Or as 12 to the bredrh in inches: 
So the depth in inches toa fourth number, 


As this fourth number to 144: 
So 1 vato the Jength of a foor ſolid in inch meaſure.. - 


So in the ſolid A H,the bredth being 30 inches, the depth 
21 inches 6 parts, the fourth number will be found to be 54, 
and the depth of a foot ſolid 2 inches 67 parts, 


As t2vnto 21.6: ſo 3ovnto 54. 
As 54 vnto144:1{0 1 vnto 2.667, 


5 Hating the ſide of a ſquare equall tothe baſe of any ſolid, 
and thelength thereof giuen in inch meaſure, 


10 find the content thereof in feet. 


As 41.57 tothe fide of the ſquare in inches: 
So the length in inches to a fourth number; 
and that fourth to the content in foot meaſure. 


$o in the folide LY, thelengrheA B being 183 inches, 
and the (ideof the ſquare equallro the baſe E C about 25 in- 
ches 45 parts , the fourth number will be found about 112, 
and the whole ſolid content abour 68 feet 62 parts, 
As 41.57 vnto 25.45: \ſor83 ynaco 112: 
and ſo are 112 vnto 68.62, 


6 Hauing the ſide of a ſquare equall to the baſe of any ſolid, 
and the length thereef ginen in foot meaſure,” 
* "ta fipdthe content thereof in feet. 
| As1 tothefide of the ſquare1nfoot meafure: 


So the lengthin feer ro a fourth number; 
and that fourth ro:the content in foor meaſure, 


if S. 
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Soin the FAR ſolid A H, the (ide of the ſquare equall 


to the baſe A E,Þxing about z foot 12 parts, andthe length 
AB 15 toot 25 parts, the conent will be found to be about 
68 foot 62 parts. 


As 1 vnco 2.12: ſo 5.25 vnto 32.35: 
and ſo are 32.35 vnto 68.62. 


7 Hanuing the ſide of a ſquare equat to the baſe of any ſolid 
g1Ken in inch meaſure, or the length of the [olid giuen 
iu foot meaſure, to find the content - ac 
| in fecte. 


As12 to the ſide of the ſquare m_ in inches; 
So the length in feet toa fourth number; 
and that fourth ro the content in foot meaſure. 


So in the former ſolid eA H, the (ide of the cquall ſquare 
being 2F inches 45 parts, the content will be found to be a- 
about 68 tect 62 parts. 

As 12 vnto 25.45: ſo 15.25 vnto 32.35: 
and ſo are 32.35 vnto 68.62, 


$ Hawing the length, bredth and depth of a ſquared 
ſolid ginew in inches,to find the contents 
in inches, 


-As 1 vnto the bredth in inches: 
So the depth in inches ynte the baſc in inches. Then 


As 1 vnto the baſe: * ” 
So the length in inches vnto the ſolid content in inches. 


So inthe ſolid 1H, whoſe bredch AC is 30.inches , the 
depth AE 21 inches and 6 parts of 10, and length AB 183, 
the content of the baſe E C wil be found 648 inches, and the 
whole ſolid content abour 118500 inches. 

As 1 vnto 21.6: {o are 30 vato 648: 
As1I.vato 648: ſo are 383 to 118584. 
9 Hg. 
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9 Having the length bredth and depth of « ſquared ſolid 
giuen in inches, ts find the content in feet. 


As1 to the bredth in inches: 

So the depth in inches to the baſe in inches, 
As 1728 to that baſe: 

Sothelength in inches to the content in feer. 


Soin the ſolid A H,the content will be found to be about 
68 feet 62 parts, 


As 1 vnto 21.6: ſo 30 vnto 648: 
As 1928-vnto 648: ſo 183 to 68.62. 


Or as 12 to the bredth in inches: 

So the depth in inches to a fourth number, 

As 144 to that fourth number: - As 
So the length in inches tothe content in feet. 


And fo alſo in the ſame ſolid AH, the content will be 
found to be about 68 feet 62 parts. 
As 12 vnto 21.6: ſo 30 vnto $4: 
As144 vnto 54: ſo 183 vnto 68.63. 


10 Hauing the lengrh,bredth and depth of a ſquared 
ſolid giuen im foot meſure, to finds 


the comtent in feet. 


As 1 vnto the bredth in foot meaſure: 
So the depth in feet to the baſe in feet. 4 


As 1 ynto that baſe: 
So thelengrth in fect to the content in feet, 


And thus in the former ſolid A H, the bredth A C will be 
2 foor 50 parts,the depth AE 1 foot 8o parts, and the length 
AB 14-toot2g parts; then working as before,the content of 
the baſe A F will be found 4 feet 5o parts, and the whole ſo- 
lid content about 68 foot 62 parts, which of all others may 
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very calily be tried by arichmerique. 
- AS1 vnto-2.50: fo 1.8 vato 4.50. 
As 1 vnto 4.50: 1015.25 vato 68,625, 


11 Hawing the bredth anddepth of a ſquared ſolid ginen 
in inches,and the length in foot mea are, 
to find the content thereof in feet, 


As 1 ynto the bredth in inches: 
So the depth in inches vatoa fourth number: 


which 1s the content of the baſe in inches, 
As 144 hath vnto that fourth number: 
So the lengtlr infeet to the content in feet, 


And ſo in theſame ſolid AH, the content will be found 
to be abour 68 teer 62 parts. 
As 1 vnto 21.6: fo 30 vnto 648, 
As 144vnto 15.25: {0648 ynto 68.62, 
Or as 144 ynto the bredth in inches: 
So thedepth in inches vnto a fourth number: 
which is the content of the baſe in feer, 
As1 hath vnto that fourth number: 
So the length in feer ro the content in feet, 
And fo in the ſame ſolid AH, the content will be found 
to be about 68 feer 62 parts. 
As 144 vntO 21,6; ſo 30 vnato 4.50; 
As 1 vnto 4.50: ſo 15,25 vato 68.62. 
Or as 12 vnto the bredth in inches: 
So the depth in inches vato a fourth number, 


As 12 vnto this fourth number: 
So the lengrh in feet tothe content in feet. 


And ſo alſo in the ſameſolid AH,the content wil be forng* 
to be about 68 feet 62 parts, 
As12vnto 21.6: ſo 30 vnto 54. 
; As 12 vnto 54: ſo 15.25 vnto 68.62,” 
All theſ Fvarictics (and ſuch like nor here mentioned) 


do 


in the meaſare of cylinders, © 45 
do follow vpon making of the baſe of the ſolid, to be E C, 


there would be as many more if any ſhall begin with the 
baſe E H, and 1o likewiſe they makerhe baſe to be F D, 


12 Hauing the diameter of 4 cy/indey giuen in inch mea- 
fare, to find the length of a foot ſolid in inches. 


As the diameter in inches vnto 46.90: = 

So1s 1 vnto a fourth number: - = 

and that fourth co the length in inches, = 

So the diameter of a cylinder being 15 inches, F2= 
the fourth number will be about 3.12, and the F= 
length of a footeſslid 9 inches 78 parts. 
As 15 vnto 46.90: ſo 1 vnto 3.127: = 

and ſo are 3.127 vnto 9.778, » 

13 Hauinq the diameter of a cylinder p inen in 
Foot meaſure,ts find thelengthof « = 

foor ſolid in feot meaſure, = 

Asthe diameter in feet vnto 1.129: = 

So 1s I vato a fourth number; = 

and that fourth to the length in foot meaſure, = 

So the diameter being 1 foot 25 parts, the length Z= 

of 2 foot ſolid wil be found about 8.14 parts of 1000. = 
As1.25 vnto 1.128: 10 1.00 to 0.9027: Es — 


and (0 aregan7 xnen Bagh. -  _ RE 


14 Haning the circumference of a cylinder giuen in inches, 
fo find the length of 4 foot ſolid m inch meaſure. 


Asthe circumference in inches to 147.36: 
Sois1 toa fourth number; . 
and that fourth to the length in inches. 


So the circumference being 47 inches 13 parts,thelength 
of a foot ſolid will be found about g inches J8 parts, 
"8 = 
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As 47.13 vnto 147.36: ſo 1.00 to 3.13: 
and {o arc 3-13 vnto 9.78, 


15 Hazing the cixcursference of a cylinder giuen in foot 
meaſure, to find the length of a foot ſolid 


in foot meaſure. 


As the circumference in fecte to 3.545: 
So1s1 to a fourth number; 
and that fourth tothe length in foot meaſure, 


So the circumference being 3 foot 927 parts, the length 
of a fout ſolid will be found to be abour 815 parts. 
AS 3.927 vnto 3.545: ſo 1.000 vato 0.90 3: 


and ſo are 903 vnto 815, 


16 Haxinf, the ſide of a ſquare equall to the biſe of a ry- 
linder, to find the length of a foo; ſold, 


The ſide of a ſquare equall co the circle, may be found by 
the eighth Prop.of broad meaſure , and then this Prop, may 
be wrought by the firſt and fecond Preop.of ſolid meaſure. 


17 Hauing the diameter of a cilinder, and the length 
ginen in inches,$o find the content in inches. 


As$1.128 ynto the diameter in inches: 
| Sothe length in inches to a fourth number; 
and that fourth number to the content in inches, 


© Sothediameter being r5 inches, and thelength tos, the 
content of the cylinder will be found to be about 18560 in- 
ches. 

As 1.1284 vnto 15: ſo are 105 vnto 139587: 

and ſo are 1395, $7 vato 1855 5.34» 


18 Ha: 
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13 Having the diameter andlength of a cylinder in foot 
meaſure, to find the content in feet. 


As 1.128 to the diameter in feet : 
So the length in feer to a fourch number; 
and that fourth to the contenr in feet. 


So the diamecer being 1 toote 25 parts, andthe len oth 8 
foot and 75 parts, the content of thecylinder will be tound 
abour 10 toot 74 parts. 

As1.128 vnto 1.25: ſo8.7y5 ynto 9.69: 
and o are 9.69 vnto 10.737. 


19 Hawing the dianxter of a cylinder and thelength 


ginen in inches,to find the content in feet. 


As 46.90 to the diameter in inches: 
Sorhe length in inches to a fourth number; 
and that fourrh ro rhe content in feer. 


So the diamerer being 15. inches,and the lengrh 105, the 
content will be tound about 10 foot 74 parts. 
As 46.906 vnto 15: ſo 10g vnto 33.58: 


and fo MI vnto 19,73 7. 
20 Hauing the diameter of a cylinder giuen in inches 
and the length in feet to find the content in feet, 


As13.54 to the diameter in inches: 
So the length in feer to a fourth number; 
and that fourth to the content in feete, 


S$o the diamerer being 15 inches, and the length $ foote 
75 parts,the content will be found about zo foot 74 parts, 
As 13.54 vnto 15:0 8.75 vato 9.69; 
and ſo are 9.69 vnto 10.74 
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21 Haging the circumference and the length of a cylindey 
zinen in inches to find the content in inches. 


As 3.545 tothe circumference in inches: 
So the length in inches co a fourth number; 
and that fourch to the content in inches. 


So the circumference being 47 inches 19 parts, and the 
length 105 inches, the content will be found about 18560 
inches, 

As 3.545 vnto 47.13: ſo 105 vnto 1396: 
and ſo are 1396 vnto I$55F5. 


22 Having the circumference and length of a tylinder 
Linen in inches$0 find the content in feet. 


As 147-36 to the circumference in'inches: 
So the length in inches to a fourth number; 
andthat fourth to the cuntent in feet, 


. So the circumference being 47 inches 13 parts, and the 
length 105 inches, the content will be found about 10 foore 


74 parts, 
AS147.36 vuto47-13: ſo reg vnto-33.58: 


and fo arc 33.58 vnto 10,74, 


23 Hauing the circumference and length of a cylinder 
Linen in foot meaſureto find the coment in feet. 


As 3.545 to the circumference P feet: 
So the length in feet to a fourth number; 


and that fourth ro the content in feet, 


So the circumference being 3 foote 927 parts, andthe 
length 8 foot 75 parts,the content wil be found co be 10 foot 


74 parts. 
As 3.5 45 vnto 3,927: ſo 8.75 ynto 9.5g: 
. and {o arc 9.69 vnto 10,74. 
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24 Hauing the circumference of a cylinder giutn in inches | 
and the length in foot mesſare, to find the 


content in feets. 


As 42.54 to the circumfercnce in inches: 
Sorthe length in feet to a fourth number; 
and that fourth to the content in feet. 

So the circumference being 47 inches 13 parts, and the 
length $ foot 75 parts, 49” ag: will be tound as before, 
10 toot 74 parts. 

As 42.54 vnto 47.13: ſo $8.75 vnto 9.69: 
and fo are 9.69 vnto 19.74. 


CHAP. IIIL. 


The w/e of the line of Numbers in gauze- 
ing of veſſels. 


He veſlels which are here meaſured, arc ſuppoſed to be 

cylinders, or reduced ynto cylinders, by taking the mean 
berweene the diameter at the head and the diameter at che 
bongue, after the vſuall maner, 


1 Haning the diameter and the length of a veſſell 
with the content thereaf,to find 
the gauge point. 


Extend the compalles in the line of numbers to halfe the 
diſtance betweene the content and the length of the vellell, 
the ſame extent will reach from the diameter to the gauge 
point, 

I putthis propoſition firſt, becauſe theſe kind of meaſures 
are not alike in all places. Here at London it is ſaid char a 
winevellell being 66 inches in length,and 38 inches the dia- 


merer,would containe 324 gallons; which it it be true, we 
oO may 
I 


5l The wvſe of the line of Nambers in gauging, 

may diuide the {pace berweene 324 and 66 into two equall 
parts, and the middle will fall about 146, and the'ſame ex- 
rent which reacheth from 324 to 146,wil reach from the dia- 
meter 3$ vnto 17.15 the gauge point for a gallon of wine or 
oyle after London meaſure. The like reaſon holdeth for the 
like meaſures in all other places. 


2 Hawing the meane diameter andthe length of a veſſel, 
to find the content. 


Extend the compalles from the gauge point tothe meane 
diameter, the ſame-extent being doubled, ſhall giue the di- 
ſtance from the length to the content, 

So the meane diameter of a wine vellell being 20 inches, 


andthe length 25 inches, the content will be found to be 34 


gallons after Londs meaſure, For extend the compaſles from 
17.25 vnto 20,the ſame extent wil reach from 25 vnto 29.15, 
and from 29.15 vnto 34: 

In like maner if the meane diameter were I6 inches, and 
thelength 23, the content would be found to be about 206 
gellons.For the ſame extent which reachech back from 17.15 
vnto 16, will reach from 23 to 21.45, and from 21.45 ynto 
2O. 
So that if the meane diameterſhall be ry inches and 15 
cenceſmes or parts of 100,the number of inches in the length 
of the vellell, will giuc the number of gallons contained in 
the ſame vellell : if the diameter ſhall be more or leile then 
37.15, the content in gallons will be accordingly more or 
lelle chen the length in inches. . 


3 Hauing the diameter and content, to find the length. 


Extend the compattes from the diameter to the gauge 
point, the ſame extent being doubled ſhall giue the diflince 
from the content to the lengrh of the vellel], 

So the gauge point ſtanding as before, if the diameter ſhal 
be 38inches,and the content 324.gallons wing meaſure, the 
: length 
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length of the yellels will be found about 66 inches, 

Hazing the length of a wveſſell and the content, 

, to find the diamtter. ; 


Extend the compalles to halfe the diſtance berweene the 


length and the content, the ſame extenr ſhall reach from the 
gauge point to the diameter. 


So the length being 66 inches, and the content 324 gal- 


lons wine meaſure, the gauge point ſtanding as before, the 
diameter of the veſlell will be tound to be about 38 inches. 


CHAP. V. 
( ontaining (uch Aſtronomical propoſitions 


as are of ordinary ve in the pras 
iſe of Nauigation. 


1 Tofindthe altitude of the Sunne by the ſhadow 
of 4 gnomon ſet perpendicular 


to the horizon. 


As the parts of the ſhadow 
are to the parts of the gnomon: 
So the tangent of 45 gr. 
ro the tangent of the altitude. 
Extend the compalles in the line of nwmbers,from the parts 
of the ſhadow to & parts of the gvomon;the ſame extent wil 
ie the diſtance from the tangent of 45 gr. to the cangent 
of the Sunnes altitude. 

So the gnomen being 36, and the ſhadow 27, the altitude 
will be found to be 36 gr.g 2m. Or the guomon being 27, and 
the ſhadow 36,the altitude will be tound to be 53 gr.8 m.Op 
the ſhadow being 20,and the gnomon 9, the alticude will be 


found to be 24 gr. 14 ws, as in the cighth Prop. of the vic of 
the $avgent line, 
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2 Irawing the diſtance of the Sunne, from the next equi- 
nottiall point, to find his declination, 


As the Radius is in proportion 
to theſine of the Sunnes greateſt declination: 
So the line of the Suns diſtance from the next equi- 
no&tall point, 
to the line of the declination required, 
Extend the compalles in the line of nes, from 90 gr. to 
23 gr.30 mn. the ſame extent will gine the diſtance from the 
Sunncs place vnto his declination, 
So the Sunne being either in 29 gr.of &, or x gr.of =, or 
1 gr.of N,or 29 gr.of M, that is 59 gr.diſtant from the next e- 
quino&all point,the declination will be found about 20 gr. 
If the Sunne be ſo neare the equinottall point that his 
declination fall to be vnder 2 gy. it may be found by the line 
of numbers, As if the Sunne were in 2 gr.5 m.ot V, that is, 
125 m.from the equinoGall point, the former exrent of the 
compalles from the ſine of 90 gr. to the line of 23 gr. 30 m. 
will reach in the line of »#mbers from 125 yato 50, which 
ſhewes the declination to be about 5o mw. 
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3 Hawing the Lutitude of the place, and the declination 
of the Sun, to find the time of the Suns 


riſing and ſetting. 


As the cotangent of the latitude 
co the tangent of the Suns declination: 
So is the Radius 
to the ſine of the aſcenſionall difference betweene the 
houre of 6 and the time of the Sunsriling or ſetting. 
Extend the compalles from che tangent of the comple- 
ment of the latitude, to the tangent of the declination : the 
it fame exrent wil reach from the ne of go gr.to the line of the 
| aſcenlionall difference, | 
Or extend the compalles from the cotangent of the latitude 
£0 
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tothe ſine of go gr, the ſame extent will reach from the tan- 
gent of the d-clination tothe line of the aſcenſionall ditte- 
rence, 

So the lacitud? being 51 gr.30m.Norchward, and the de- 
clination 20gr. the difference of aſcenſion wil be found to be 
27 gr.14 m. which reſolued into houres and minutes, doth 
glue 1 houre and almoſt 49 m. for the difference betweene 
the Sunnes rifing or ſetting, and the houre of 6, according 


to the time of the yeare. 


4 Hauing the latitude of the place,and the diſtance of the 
Sun from the next equinettiall point, to find 
hs amplitude. 


As the cofine of the laticude 
to the line of the Suns greateſt declination: 
So the line of the place ot the Sun, | 
ro the line of the aniplirude, 


So the latitude being 51 gr.30w. and the place of the Sun 
in 1 g7.of x2, that is 59 gr.diftane from rhe next equinoCtiall 
point,the amplitude will be found abour 33 gr.20 w.For ex- 
rend the compalles in the line of fixes, from 38 2r.30 m, the 
ſine of the complement of the laritude,vnto 23 gr. 30 m. the 

}fine of the Suns greateft declination ; - che ſame extent will 
reach from 59 gr-vnto 33 gr.20m. Orextend them from 48 
gr.30 m.vnto 59 gre the fame extent will reach from 23 27. 
39 ”m,vnto 3327.20 m.as-betore. 


5 Haning the latitude of the place, and the declination 
of the Sun, to find his amplitude. 


As the coline of the lattude 
15 to the Radius: 

So the ſine of the declination, 

- tothe inc of the amplicude, 


Extend the compalles from the coſine of the latitude © 
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che ſine of 9ogr. the ſame extent will reach from the ſine 
of the Suns declination to the ſine of the amplitude. 

Or extend them from the coline of the latirudeto the line 
of the declination, the ſame extent will reach from the (ine 
of go gr.to the (inc of the amplicude. 

So the latitude being 51 gr. 30. and the declination 28 
gr. the amplitude will be found to be 33 gr.20 m. 


6 Hauing the latitude of the place, and the declination 
of the Sun, to find the time when the Sun 
cometh to be due Eaſt or weſt. 


As the tangent of the latirude, 
is to the tangent of the declination: 
So the Radius 


to the coſine of the houre from the meridian. 


Extend the compallcs from the tangent of the laritude to 
the tangent of the declination ; the ſame extent will reach 
_ the line of 9o gr. tothe line of the complement of the 
1OUre. 

Or extend them from the tangent of the latitude to the 
ſinc of go gr; the ſame extent will reach from the tangent of 
the declination to the fine of the complement of ours, 

So the latitude being 51 gr.30 . and the declination 2s 
gr. the Sunne will be 73 gr. 20m: that is 4 houres and 53 m, 
tro the meridian,when he cemeth to be in the Eaſt or Welt. 


7 Haning thefMituae of the place, andthe declination of 
the Sunfo find what altitude the Sun ſhall hawe, 
whew he cometh to be dhe Eaſt or weſt, 


Asthe fine of the latirude 
is to the (line of the.declinations 
So the Radius ; 
to the line of the alticude. 


- Extend the compaſſes in the line of fuer from the latitude 
ro 


— — — — — as. 


w Afironomie. 5 
to the ſine of the declination , the ſame extent will reach 
froin the ſine of go gr. to the line of the alcicude. 

Or extend them from the fine of the latitude to the ſine 
of 90 gr; the ſame extent will reach from the ſine of the de- 
clinati6n to rhe (ine of the altitude, 


So the latitude being 51 grezo m. and the declination 20 
gr. che altitude will be tound abour 25 gr. 5 m. 


8 Hawing the latitude of the plact,and the declination 
of the Sun,to find what altitude the Sun ſhall 
haut at the houre of [ix. 


As the Radius is in proportion 

rothe (ine of the emenfrie declination: 
So the line of the latitude 

to the line of the altitude. 


- 


Extend the compatles in the line of fnes,from go gr. tothe 
declination; the {ame extent will reach from the latitude ro 
the altirude. - 

Or extend them from 9gogr.to the latitude , the lame exs 
rent will hold from the declination co the alticude. 

$o the latitude being 51 gr. 30'm. and the declination of 
the Sunne 20 gy. the altirude of the Sun will be found ro be 
about Is gr. 30m, 


9 Hauing the latitude of the place,and the declination 
of the Sun,to find what azimuth the Sun 
ſball bane at the houre of (ix, 


As the coline of the latitude 
is to the Radius: 
So the cotangent of che Suns declinativon.,. 
to the tangent of the azimuth from the North pate 
of the meridian, 
50 


56 Thewſeof the lines of ſints and tangents 


So the latitude being 51 gr.30m. andche declination 20 gr. 
the azimuth will be found to be 77 gr.14 mm. For extend the 
compalles in the line of fines, from 38 gr.30m. to gogr. the 
ſame extent will reach from the tangent of 70 gr. to the tan- 


gent of 77 gr.14 mm. 


19 Haxing the latitude of the place,and the declination 
of the Sun,and the altitude of the Sun, 
to find the azimuth. 


Firſt conſider the declination of che Sunne, whethey it be 
toward the North or the South, fo haue you his diſtance 
from your pole : then adde this diſtance,the complement of 
his altirude, and the complement of your latitude, all rhree 
rogether, and from halte the ſumme ſubtract the diſtance 
from the pole, andnore the difference, 


1 As the Radius isin proportion 
to the coſine of the alcitude: 
So the coſine of the latitude, 
to a fourth ſine. 


2 As thisfourth fine 
is to the (ine of the halfe ſumme: 
So the line of the difference, 
to a ſeuenth line, 


Then find a rg am” betweene this ſeuenth 
fine andthe Radius, this meane ſhall be the ſine of the com- 
pRO_ of halte the azimuth from the North part of the me- 
YIG1IaN 

Steppoſe the declination of the Sun being knowne by the 
tine of the yeare to be 20 gr.Southward, the altitude aboue 
the horizon found by obferuation 12 gr, and the latitude 
Northwards 5 1 gr. 30m. it were required to find the azimuth. 
The declination is Southward , and therefore the diſtance 
trom the pole x 10 gr; then rurning the altirude and latitude 
vnto their complements, I addethem all three together, and 
trom halfe che ſumme ſubtract the diſtance from the pole, 


noting 


wh ws wa ** IE 


#0 Affrenentte:; 57 
noting the difference after this maner. F 
Declin.South 20 gr. ow, The diſtance Ito gr.ow; 
Alcirude 12 o The complement 98 » 
LatitudeN, 5t 3o The complement 38 gs 


The ſumme of all three 226 30 
The halfe ſ\umme cry 5 
The difference 3 18 


This done,l come to the Staffe,and extend the compalle 
from the/4liine of 90 gr.to the (ine of 78 gr, and find the ſame 
extent to reach from the ſine of 38 gr.30 mw. vnto 37 gr.30 mw. 
Or if I extend chem from 90 gy. to 38 gr.zow. the ſame ex- 
tent doth reach from 98 gr,vato 37 gr. 30 m. which is the 
fourth ſine required. 

Then I extend the compaſſes againe,from this fourth fine 
of 37 gr7.30m.vnto the ſine of the halfe ſumme 113 gr. 15 w. 
that is to the (ine of 66 gr. 45 w. (for after go gr. the fine of 
$0 gr. doth ſtand for a ſine of ros gr. and the fine of 
7ogr.for aline of 216 gr, and ſo the. reſt for thoſe which 
are their complements to 180 gr.) and this ſecond extent 
doth reach from the ſine of the difference $ gr.15 w. tothe 
ſine of 4 gr.54m9. OrifT cxtend them from the fourth ſine 
of 37gr.30mw. to the line of the difference 3 gr.t5 m9. 'the 
ſame extent will reach from the ſine of the halte ſumme 213 
£7-15 m.vnto 4 gr.54 m.which is the ſeucnth ſine required, 

Laſtly, I diuidethe ſpace berweene this ſcuenth ſine of 4 
$7.54 99.and the line of gogr.into two equall-parts,and T find 
the mcane proportionall line to fall on-1 7 gr. whoſe comple- 
ment is 73 gr; the double of 73 gr.is 146 gr. and ſuch is the 
azimuth require pate" 

Or having found the ſeuenth line to be 4 gr. 54 w.I might 
looke ouer againſt it,in the line of verſed ſmes, and there T 
ſhould find 146 gr. forthe azimuth from the Norrh part of 
the meridian; and the complement of 146 gr. toalqmicircle 
being 34 gr. will giue the azimuth from the South'part of 
che meridian, 

Burt if it were required to find the azimuth in the ſame 1a- 


tityde of 51 gr.zo w.Norchward , with che ſame altitude of 
h 12 


* 


$F The vſeofthe lines of ſoues and 
12£y. and like declination of 20 gr, to the Northward, -it 


would be found tobeonely 72 gr.52 w. though the mancr 
of worke be the ſame as before. . 


-*Deelin North 20gr.om The diftance Is 70 gr.0 "Y 
- © Alcirude 12 o Thecomplement 38 o©o 
-Latitud.North 5x 3o Thecomplement 38 30 


The ſumme of all three _ 185 3 


The halfe ſumme 93 If 
The difference 23 Ig 


Here as the Radius is to the fine of 3$ pr: ſo the (ine of 38 
gr.30m. to the ſine of 37 gr.zo w. which is the fourth ſine, 
and the ſame as before, is 

Then as thisfourth ſine of 37 gr.30 m. is tothe ſine of 93 
gr.15 mw: ſo the (inc of 23 gr 15 w.to the inc of 40 gr. 20 w. 
which is the ſcuenth ſine. | 

The halfe-way berweene this ſeuenth ſine and the ſine of 
90 gr. doth fall at 53 gr. 34m. whoſe Complement is 36 gy. 26 
m; and the double of that is 72 gr.g2 m. the azimuth requi- 
red. | 
Or I may find this ſame azimuth in the line of verſed fines, 
ouer againſtthe ſcuenth ſine of 40 gr. 20 my. | 


11 Hauing the latitude of the plate the declination of the 
Sup, and the altitude of the Sun, to find 
the houre of the day. 


Adde the complement of the Suns attitude, and the di- 
ſtance of the Sun from the pole, and the complement of your 
latitude,all three together, and from halfe the ſumme ſub- 
trat the complement of the altitude, and note the diffe- 
rence, 

x As the Radius is in proportion 
ro the ine of the Suns diſtance from the pole: 
So the fine of the complement of the latitude, 
coa fourth ſine, 


2 As 


rangentsin Aftrogomie, 7g 
+. 2 As thisfourth line | 
|... .sto the (ine of the halfe ſumme: __ Wes” 
- _ ; Sothefine of the difference _ , ___.. yt nd 
i to a ſeuenth line, | "a | 
The meane proportionall betweene this ſeuenth ſine and 
the fine of go gr. will be the finc of the complement of halfe 
the houxe from the meridian, 
Thus in our latitude of $1 gr. 30m, the declination of the 
Sun being 20 gr.Northward, and the altitude x2 £r. Im ighc 


find the Sun to be 95 gr.52 m.from themeridian, 


Alcitude 12 gr.ow, The complement is 58 gr. om, 
Declin.North 20 o the dift.from the pole'70 © 
Latitude * - 53 30 thecomplement is: 38 -36 
| The ſumme of all three 136 3a 
The halfe ſmmme 93 15” | 
The difference Is Is 


Here as the Radius is to the ine of 70 gy. 
So the line of 3$ gr.zo mw. to the (ine of 55 gr 43 ws, 
* Asthis ſine of 35 gr.48m. isto the ſine of 93 gr.15 w, 
So the line of 15 gr.15 m.to the {ine of 26 gr. 40 m. 
The halfe way between this ſcuenth ſine of 26 gr.40 mand 
the ſine of go gr.doth fall ar 4 a: 4 m. whoſe complement'is 
t 


47 £7.56 m. and the double of that, 95 gr.5 2 mv. which con- 
ucrted into houres,doth giue& houres and almoſt 24m.from 


the meridian. | ... | 
"Or I might frad theſegy gr 52 m.in the line of verſed ſes, 
quer rin theſcucnth {inc of 26 gr. 40 mw. 


12 Haning the azimuth, the Suns altitude, and the 
declination, to find the houre of the day. 


As the coſine of the declination , 
15 to the (line of the azimuth: 
So the coline of the altitude 


to the linc of the houre. 
h 2 Thus 


66 The of of the lines of fines and tangent! 

Thus the declination being 20 gr.Southward, the altitude 
#2gr. andthe azimuth found by che centh Prop. 246 gr. I 
might find the time to be 35 gre36 m. that is 3 houres 33 as, 
from the meridian, 


x3 Having the houre of the day, the Sunntc altitude, 
and the declination, 19 find the azimuth, + 


As the coſine of the altitude 
1s to the fine ofthe houre: 

So the coſine of the declination, 
to the line of the azimuth. 


So thealticude of the Sun being 12 gy. andthedeclination 
20gr.Southward, and the angle of the houre 35 £r.36m. 1 
ſhould find the azimuth to be 34 gr. And ſo it is if it be recs 
koned from the South ; but 146 gr. if ig be taken from the 
North part of the meridian. | 


14 Huing the diſtance of the Sun fromthe next equi. 
: wortiall p 0:nt, fo find hes right aſcenſion. 4 


As the Radius : 
to the coline of the greateſt declinationz 
$o the tangent of the diſtance, 
ro the tangent of theright aſcenſion, 


So the Sun being in the firſt degree of t2,that is 59 gy, di. 
ſtant from the next _—_— point, and the greateſt de- 
clination 23 gr.30 m.the right aſcenfion will be Fund to be 
56 gr. 46 w. ſhort of the beginning of Y; and therefarg 
303 gr. 14 %; 


I5 Hauing the declination of the Sun, t o find | 
bas ,, ight aſcenſion, 


As the tangent of the greateſt declination 
15 to the tangent of S declination giuenz 
5am 
D4 
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So the Radius | | 
| to the line of the right aſcenſion. 

So the greateſt declination being 23 gr.30 w, and the de- 
Clination of the Sun giuen 20 gr. the right aſcenſion wilt be 
found abouc 56 * On, | 

Theſe are {ſuch Aſtronomicall propoſitions as I take to be 
viefull for Sea-men. For the firft and ſecond will help them 
to find their latitude; the third to find the Suns ey and 
ſecting; the 4.5.6.7.3.9.10.13.Prop. to finde the variation of 
their compalle; the 11 and 12 Prop.to find tht houre of the 
day; and S rwo laſt coward the finding of the houre of the 
night. For hauing the lacirude of the s. 7k with the decli- 
nation and altitude of any ſtarre, they may find the houre of 
the ſtarre from the meridian, asitiche 11 _w Then com- 
paring the right aſcenſion of the ſtarre with che right aſcen- 

__ the Sunne, they may haue the houre of the 
night. f | 

Al theſe propoſitions: and ſach others may be wroughe 
alſo by the tables of fines and tavgents.For where foure num- 
. bersdo holdin proportion; asthe;firſt tothe ſecond, ſo the 
third to the fourth; chere if we multiply the ſecond into the 
third, and diuide the produtt by the firſt, the quorient. will 

iue the fourth required. Asn the example of the laſt Prop, 
where the declination being giuen ,, it was required to find 
the right aſcenſion, The, tangent of 20 gr. the declinarion 

wen is 3639702,' which being multiplied by the Radius, 
. rodudt is 36397020000009, and this diuided by 
4348124 the rangent of 23 gr. 39 #, the quotient 15 
$3709741 che ine of 56gr.590 m;for che right aſcenſion re- 

uire me | 
Or if any will vſe my tables of grtificial fines and tangents, 
they may addo the If cond and the thud foger er, and from 
the ſumme” fubrrath the firſt, the remainder will giuc the 
fourch required.. Arid 1o mY tangent of 20 27.15.9561 .06g8, 
which being. addedro the Radius, makes 19561.0558; irom 
this it thcy ſubtract 96455019 the rangent of ; 347.30, 

the remaindei | 22.7639, WPLACH 111 1 

they ſhall ing the remaingss BN, fa WH EN 
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62 The ſe of the links of ſines and 


Canes is the ſinc of 56 gr.49 m.56 ſecodr;and ſuchitis the righr 
aſcenſion required, if 1t be reckoned from the next equino- 
Qiall point. - © PT OOORTuT EST x Ou Fe" p0- * 
The like reaſon holdeth- for al} ocher Aſtronomical 1 
fitions,as I will farther ſhew by thoſe 'rwo examples which 
jo before for the finding of the azimuth- m the 10 Prop, 
becauſe they are thought to be harder then the reſt, and re- 


quire three operations. SP 


___Inthe firſt example. 
Declin.South 20 gr. ow. The diſtance 110 gr. 0m, 
Alrirude 12 © thecomplement 58 »o 
Latitude Nor. 51 39 the complement, 28 2g 
- The ſummeoofallchree: 216 30 
The halfe ſumme 113 Ig 
The difference | 3 5 


The firſt operation will be to finde the fourth fine ; and 
that is done by adding the fine'of the complement of the al- 
tirude to the fine of the complement of the latitude, and 
ſubrra&ing the Radius: ſo adding 9990.4044 the line of 78 ' 
gr.vnto 9794-149F the line of 38 gr.20 w, the ſumme wll be 
19784-5539. Andthe Radius being ſubtraRed, the remain- 
der 97845539 is the fourth ſiric, and'belongeth to 37 gr, 

Om. . , rar D 
: The ſecond operation will be to find the ſeventh fine;and 
that is done by adding the (ine of the' halfe ſumme to the 
ſinc of the difference, and ſubrrafting the fourth fine; So 
che halfe ſumme being 11 ; £r-15, m. I take his complement 
to a ſemicitcle;and ſo findhisfineto beg563.2168,ro which 
I adde 875 3.5278, the line of the difference 3gr.15 mw; and 
the ſumme 1s. 18716.7446. From this I take - < fourth line 
9784-5539, andthe remainder wall be 8933.1907, whieh is 


the ſcuenth fine, and belotigerh to 4, TY, 49, 

Thethird operation wilt be to rtf nieane proportio- 

nall ſine betweenethe ſeuench ſine and the Radius, This in 

common arithmetique 1s done by muileiplyin g the two ex- 

tremes, and taking the ſquare roote*of the produt. As in' 
73 finding 


, 


7, CaIgents 18 Aferonenic. G3 
finding a meaane proporrionall berweene 4 and 'g, -we mul- 
tiply4 inro'9, and rhe product 1s 36, whoſe ſquare'roor is 6; 
chemeaneproportionall berweerq and 9. Buthere ivisdone 
by adding'the fine and the*Radius, and takitig the halfe of 
them. So the ſumme of the laſtſeuenth (ine and the Radius 
is 1893 2.1907 and the halfe of that 9456.0953, whictt is the 
meane proportionall fine required,” and _ &hto'17'gr, 
whoſe complement 1573 gn. andthe double of that 146 gr. 


. 
. ® 


the fame azimuth as before, 
Is the ſecond-example. | 
Declin.North 20 gr.o w. The diſtance 70gr.0 wm, 
.- Alticude.., ' ,42-,1;@:: the complemegt: 78 0 
_ Latitud.Narth,,51. ., 30 / .the. complement; 138- go » 


The ſumme of all three .-198 J3o- 
The halfe ſymme. _ I 93 Is 
T he difference m0. ons} Is 


SN 

The firſt operation will be xo inde theFourtiCline; and 
that is here 9784.55 39, as irvthe former example. 

The ſecond operation wil he co-find the feucntl(ine;and 
{o here the fine of the halfeſumme 93 gr.,15 m,. being che 
ſame with the ſine of $6gr.45g.-.biscomplement to 180 gr. [ 
find it to be 9999.3 009, to which Ladde 9596.3153 theline 
of the difference 23 gr.15 m7. andthe ſumme is 19595.6162, 
From this I take the fourth fine 9784-5539,and the remain- 
der will be 981 1.0623 forcheſeuenth line, and bejongeth ro 
OY ond. ME Ree i ade: £4 

The third operation will be to find the nteane proportio« 
nall line berweene the ſeuenth ſine and the Radius. And ſo 
here the Radius being added to che ſeuenrh line,the ſumwe 
will be 19811.0623, and the halfe of that. 99055312 doth 
giue the meane proportionallſine belonging to about 53 gr. 
- 34 m.whole complements 36 gr.26 m,& the double of char 
72 gr.52 m.the ſame azimuth as before, ::... > 21 

I haue ſet downe theſe three examples thus particularly, 
that I mightſhew the agreement berween the Stafft and the 


Canon, But otherwiſe I might deliuer borh the pode 
ne 


64 Theſe of the lines of mts andtangents 

the worke,for the two laſt,more compendioufly, For genes 
rally in all ſphericall triangles, where three ſides are knowne, 
andan angle required, make chat fide which. is oppoſite to 
the angle required, to be.the baſe z and _ the ſumme, 
the halfe ſumme,and the difference as before, _ i. i 


_ AsthereQangle contained vnder rhe lines of the fides, 
- - isrotheſquare of the, whole. (inc: 


So'the rectangle concained vnder the lines of the halfe 
ſumme and the difference, 


|  totheſquareofthe coſine of halfe the angle. 


' Fhenfor the worke, we may for the moſt part leane our 
che ;twe laſt figures;and ifchey be aboue 5o,pur an vaitie co 
the ſixt place after this maner, | 


The ſecond example, 
' JO gr.0m ; j 
78 © - 9990140 
38 3o0___ 97945 
186 30 n9784[55 | 
if. 29 = 


23 15 | 9g596\38 

__20000ſ08 

39595|62 
| 29028 67 NT 
36 26 gg05's3 $329 34m, 
73 $3 x07 Þ8$ 


Or for ſuch numbers as are tobe ſubtraQed, I may take 
them out of the Radius, and write downe the reſidue, and 
then adde them together with thereſt . As in theſame ſc- 


-cond cxample, the ſines of 78 gr, and of 38 gr. 30 mw. being 


che numbers to be ſubtrated; if T take 9990. 4044 the 
fine of 98 gr. out of the Radius to000 0000, the refidue 
15 9.5956: and fo the reſidue of 9794.'1495 is 205, 8505 


"Wherefore in ſtead of ſubtracting thoſe fines, I may adde 
theſe reſidues after this maner: ak 


70 


The we of theſe lines is Aſtronemie. 65 


a Jo gr.om 

78 o 9'59 

* 38 30 205 85 

186 '30 | 

"om 9999130 

I 
< 9596|32 
23 Is —. 
1981106 | 

36 26 9905 53 $3 $7. 34 
72 52 IO7 8 


Having theſe meanes to find the Sunnes azimuth, we may 
compare it with the magneticall azimuth , anqſo finde the 
variation of the ncedle. 


N 


For let the circle A 7A B, drawne on the center Z, be a 
plane,parallell co the horizon; A the point whereon the Sun 
beareth from vs, M the North point of the magneticall nee- 
dle, and the angle AZ M the magneticall azimuch. If we 
find the Sunnes azimuth as before,to be 72 gr. 52 m.from the 
North to the Weſtward, we may allow ſo many degrees from 
A vnto N, and ſo we haue the true North point ofa the 
meridian, and conſequently the Eaſt, South,and Weſt points 
of the horizon; and the giſtance betweene N and Af ſhall - 

J nc 


& 


66 The wſe of the lines of ſines and 
the variation of the needle, So that if the magnetical po 
muth A Z M ſhall be 84 gr. w.and the Suns azimuth AZN 
72 gr.52w. then muſt NZ M1 the difference berweene the 
two meridians,giue the variation to be 11 gr.1 5 w:as MP, Boy- 
rowgh heretofore found it by his obſeruations at Limehouſe in 
the yeare 1580, Burt if the magneticall azimuth A ZM (hall 
be 79877 m. andthe Suns azimuth AZN 72 gr.52 w, then 
ſhall che variation NZ be only 6 gr.15 mw. as I haue ſome- 
times found it of late. Hereypon I enquired after the place 
where MF. Bourergh obſerued, and went to Limebenſe with 
ſome of my friends, and tooke with ys a quadrant of x foote 
ſemidiameter, and two necdles, the one aboue 6 inches, and 
the other 10 inches long, where I made the ſemidiameter of 
my horizontall plane AZ 12 inches; and toward night the 
x3 of Tune 1622, I made obſeruation in ſcucrall parts of the 
ground, and found as followeth. 


(Alt. © AZM AZ NVariat 
Gr.M. Gr. M.Gr. M\Gr.M. 
19 082 2/75 52/6 20 
[18 _ 580 50/74 446__6 
17 3450 0174 6's 54 
17_079 15173 205 55) 
16 29/78 12172 325 4 
—A'/ .. i... 8. - 
30 1o0/pz 2:64 49,6 13 
| 9 gaſzo 22164 255 47 


rangents n Nanigation, 


2 CHAP. VI. 


(onteining ſuch nauticall queſtions,as are |_ 


of ordmary vſe, concerning longitude, 
latitude,Rumb,and diſtance. 


1 To keep au account of the ſhips way. 


TR way that the ſhip maketh, may be 
knowne to an old {ca-man by experience, 
by others it may be found for ſome Cal por- 
tion of rime,cither by the log line, or by the di- 
ſtance of two knowne markes on the ſhips (ide, 
The time in which it maketh this way, may be 
meaſured by a watch,or by a glaſſe,Then as lon 
as the wind continueth at the ſame ſtay, it fol: 
loweth by proportion, 


Asthe time giuen is to an houre: 
So the way made, to an houres way, 


Suppoſe the time co be 15 ſeconds, which 
wake a quarter of a minute, and the way of the 
ſhip 88 fect: then bgcauſe there are 3600 (ſeconds 
in an houre, I may extendthe compalles in the 
line of »wmbers,from 15 vnto 3600,and the ſame 
extent will reach from $8 vnto 21120. 

Or I may cxtend them from 15 vnto 88, and 
this extent will reach from 3600 vnto 21120; 
which ſhewes that an houres way came to 21120 
feete. 

But this were an vnneceſlary buſineſle,to hear- 
ken after feer or fadoms. It ſuthceth our ſea-men 
to find the way of their ſhip in leagues or miles. 
And they ſay that there are 5 feet in a pace, 1000 
paces ina mile, and 6@ miles in a degree, and 
therefore 300000 feete in a degree, Yer compa- 
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ring ſeuerall obſeruations, and their meaſures wich our feete 
vſuall about Londen, I find that we may allow 352000 feete 
to adegree; and then if I extend the compalles in the line of 
»wmbers from 352000 vnto 21120,1 ſhall hind thaſame exten 
to reach from 20 leagues the meaſure of one degree, to 1.2, 
and from 60 milesto 3.6;which ſhewes the houres way to be 
x leagueand 2 tenths of a league, or 3 miles and 6 tenths of a 
nule, s 

But to auoidtheſe fraftions and other tedious reduions, 
I ſuppoſe it would be more eaſe to keep thizaccount of the 
ſhips way (as alſo of the difference of latitude, and the diffe- 
rence of longitude) by degrees and parts of degrees, allow- 
ing 100 parts to each degree, which we may therefore call 
by the name of centeſwes. Neither would this be hard to con- 
ceiue, For if 100 ſuch parts do make a degree, then ſhall 55 
parts be equall ro 30 minutes, as 3o minutes are equall to 10 
leagues, And 5 parts ſhall be equall.co 3 minutes,as 3 minutes 
are equall to 1 league, And ſo the ſame extent as betore,will 
reach trom 100 parts vnto 6; which ſhewes that the houres 
way required is6 cent. ſuchas 100 do make a degree,and 5 do 
make an ordinary league, 

This mightalſo be done at one operation, For vpon theſe 
ſuppolitions,diuide 44 feet into 45 lengths, andſer as many 
of them as you may conueniently berwegne two markes oft 
the ſhips (ide, and note the ſeconds of rime in which the ſhip 
gocth theſe _ : ſothe lengths dmded by the time, ſhall 
giue the cent.which the ſhip goeth in an houre, 

Suppole the diſtance berweene the two markes to be Go 
lengths (which arc 58 teer and $ inches) and let the time be 
I2 {cconds: extend the cumpalles from 12 to 1,in the line of 

numbers; ſo the ſame extent will reach from 60 vnrto 5.Or ex- 

tendthem from 12 vnto 60, and the ſame extent will reach 
from 1 vnto 5. Thisſhewes that the ſhips way is according to 
5 cent.in an houre, 

This may betound yer more ealily, if the log line ſhall be 
fitted to the time, As 1f the time be 45 ſeconds, the log line 
may haue a knot at the end of cuery 44 keete; then doth the 

ſhip 
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ſhip run ſo many ceut.in an houre, as there are knots vered 
out in the ſpace of 4g ſeconds. If 30 ſeconds do ſeeme to be 
a more conuenient time,the log line may haue a knorat the 
end of cuery 29 feet andg inches; and then allo the centeſme® 
will be as many as the knots. Or if the knors be made to any 
ſet number of feer, the time may be fitted ynto the diftance. 
As if the knots be made at the end of euery 24 feet, the glalle 
may be made 24 ſeconds and ſomewhat more then 'an halfe 
of a ſecond; and (o theſe knots will ſhew the cexr.If there be 
5 knots vered out in a glatle,then y cent; if 6 knots, then the 
ſhip gocth 6 cent.in the ſpace of an houre; and fo inthe ret. 
For vpon this ſuppolition,the proportion between the time 
and the feet will be as 45 vnto 44. Burt accordin g to the com- 
mon ſuppoſition it ſhould ſeeme to be as 45 vnto 37 £, or in 
leſſer termesas 6 vnto 5. Thoſe which are vpon the place, 


may make proofe of borh, and follow that which agrees beſt 
with their experience. 


2 By the latitude and difference of longitude, to find 
the diſtance pon a courſe of Eaft and Weſt. 


Extend the compalles from the fine of go gr.vnto the ſine 
of the complement of rhe lattudezthe ſame extent ſhal reach 
in the tine of »ambers from the diff:rence of longitude to 
the diitance, 

So the meaſure of ove degree in thr equator, being 100 
cent. the diſtance belonging to one degree of longitude 111 
the latitude of 51 gr.30 . will be found abourG2 cert.and g 
Or if the meaſure of a degree be 60 miles, the diſtance w:lt 
be found about 37 miles and;.If the mealure be.29 leagues, 
then almoſt 12leagnes and z, It the meaſure be 177, as in 
the Spaniſh charts, then ſomewhac leſſe theu 17x leagues ſai- 
ling vponrhis parallell, will giue an alteration vf onc degree 
of lon gitude, | 
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3 By the latitude and diſtance vpon 4 courſe of Eaſt 
97 weſb, to find the difference of longituae, 


Extend the compaſles from the ſine of the complement 
of the latitude,to the ſine of go gr; the ſame extent wil reach 
in the linc of zwwbers from the diſtance to the difference of 
longitude, 

So the diſtance vpon a courſe of Eaſt or Wet, in the lati- 
thde of 51 gr.30m.being 100 cent.the difference of longitude 
will betound 1.60,which make one degree and 60 cente/mes 
or 1 gr.36 m. | 

Or if it be 60 miles, the difference of longirude wil be 96, 


which alſo make 1 gr. 36 w. as before. 
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4 The longitude and latitude of two places being ginen, 
$0 find the Rumb leading from the one 
to the other. 


Extend the compalles in the line of »umbers from the diffe- 
rence of latitudes to the difference of longirudes ; the ſame 
extent will giue the diſtance from the tangent of 45 gr.vnts 
the tangent of the Rumb,according to the proieQtion of the 
common ſea-charrt. 

So the latirude of the firft place being* gogr. the latitude 
of the ſecond 52 gr. 30m. andthe difference of longirude 6 
gr. the Rumb will be found to be about 67 gr.23 ws. which is 
neare the inclination of the ſixth Rumb to the meridian. Buc 
this Rumb ſo found, isalwayecs greater then it ſhould be, and 
therefore to be limited ; SG, 75 co be done ſufficiently for 
the Sea-mans vſe,after this maner: 

Extend the compalles either from the ſine of 90 gr vnto 
the line of the complement ofthe middle latitude, the fame 
extent will reach frs the tangent of the Rumb before found, 
to the tangent of the Rumb limited. 

Or elſe extend them from the ſine of gogy. vnto the tan- 
gent of the Rumb before found'; the ſame extent will reach 
trom the line of the complement of the middle latitude,vnto 
the tangent of the Rumb limired. 

So the middle latitude berween 5ogr.and 52 97.30 w, be- 
mg 51 gr.15 m. and the Rumb before found 67 gr.23 m. the 
Rumb limited w'll be found to be about 56 gr. 20m. which is 
but fiue minutes more then the inclination of the fift Rumb 
to the meridian. 

2 ThisRumb-may be found by the help of the meridien 
tine vpon the Staffe. For if I'take the difference of latitude 
out of the merid5a» line from go gr.vnto 52.gy.30 ms; and mea- 
fure it in hisequinoQiall, or atrhe beginning of the averidian 
line,F ſhall find 1t there to be equalto 4 pur Sek F work 
as if the difference of laticude were 4 gr. and cxrend the com- 
pallcs in thc line of wwavbers from 4. vato CE: fo ſhall I — 
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the ſame extent to reach from the tangent of 4s gr. vnto the 
tangent of 56 gr. 209, andthis 1s the inclination of rhe 
Rumb rcquued, 


5 B3y the Rumb and beth latitudes, to find 
the diſtance pon the Rum. 


Extend the compaſles from the fine of the complement of 
theRumb,vnro the fine of gogr. the ſame extent in the line 
of numbers (hall reach from the difference of latirude vnto 
che diſtance vpon the Rumb., 

So the latitude of the firit place being 5o gr. the laticude 
of the ſecond 5 2 gr. zo m. and the Rumb the fitt rom the me- 
ridian. If I extend the compalles from 3 3 gr.45 m. vnto the 
line of go gr. I ſhall find the ſame extent 1n the line of »um- 
bers toreach from 2,gr.50 cent.to 4gr.50 cent. and ſuch isthe 
diſtance required. 


6 By the diflance and both latitudes to find 
the Rumb. 


Extend the compaſles in the line of n&mbers from the dis- 
ſtance vnto the difference of latitudes ; the ſame extent will 
reach in the linc of ſimes,trom go gr. vnto the complement of 
the Rumb. 

So the one place being in the latitude of 5o gy. the other 
in thelatitude of 52 gr.30 m. and the diſtance berween them 
4 £7.50 cent, If I extend the compalles trom 4.50 vnto 2.50 
in the line of »«wmbers, I ſhall find the ſame extent to reach 
from the fine of gogr. vnto the complement of 56 gr.15 m, 
and ſuch is the inclination ot the Rumb required, 


7 By one latitude,Rumb,and diſtance,to find the 
difference of latitudes. 


Extend the compalles in the line of fines, from go gr. vnto 
the complemens of the Ruwb; the ſame extent in the line of 
| numbers 
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members, will reach from the diſfance, vnto the difference of 
latitudes, 

So the leſſer altitude being 50 gr.and the diſtance 4 gr. 50 
cent,vpon the fifth Rumb from the meridian: if I extend che 
compalles from the ſine of go gr.te 33 gr.45 m. I ſhall finde 
the tame extent to reach from 4.50 in the line of »«wmbers,vn- 
t0 2,50;and therefore*the ſecond latitude to be 52gr.30 me 


8 Bythe Rumb and both latitudes, to find the 
difference of longitude. 


Extond the compatles from the tangent of 45 gr. vnto the 
tangent of the Rumb; the ſame extent will reach in che line 
of »wmbers from the difference of latitudes vnrto the diffe- 
rence of longitude, according to the proietion of the com- 
mon ſea-chart, 

So the firſt latitude being 50 gr. and the ſecond 52 gr.z0 m. 
and che Rumb the fifth from the meridian >: if I extend the 
compalles from the tangent of 45 gr.vnto 56 gr.15 m, I ſhall 
find the ſame extent to reach from 2.50 in the line of nwm- 
bers to about 3.75, which make 3 gr.45 m.But this difference 


* of longitude ſo found,tsalwayes leffer chen it ſhould be, and 


therefore to be enlarged, which may.be done ſufficiently for 
theſea-mens vſe,afrer this maner: 

Extend the compalles, from the ſine of the complement 
of the middle latirude,ynto the line of go gr. the ſame exrent 
will reach in the line of numvbers from rhe difference of lon- 
girude before found , vnto the difference of longitude in- 
larged. 

So the middle latitude in this example being 51 g7.15 7. 
and the difference of longitude before found 3 gr.75 cent. the 
difference of longirude inlarged witl be found about 5 gr. 
99 cent. which-are neare 6 gry. £ 

2 This difference of longitude: miy be found by help of 
the meridian line vpon the Staffe. For if I cake the proper diffe- 
rence of latitude out of the meridian line, and meaſure it 1m 
his equinoQuall, or at the beginning of che meridian line, 


| 
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I ſhall find it to be equall to foure of thoſe degrees. Where- 
fore hauing exrended-the compalles as before from the tan- 
gent of 45 gr.vato the tangent of 56 gr.15 m, the ſame ex- 
rent will reach from 4.00 in the line of numbers, vnto 5.99: 
which ſhewes the difference of longitude to be about $ gr. 
99 cent. or about halfe a minute ſhort of fix degrees. Y 


g By the Rumb avd both luitudes, to finde the diſkance 
belonging to the chart of Mercators proiedtion, 


Take the proper difference of latitudes out of the meri- 
dian line ofthe chart, and meaſure it in his equinoQtiall, or 
one of the parallels, and it will there giue the difference of 
laticudes inlarged. Then extend the compalles from the fine 
of the complement of the Rumb vnto the fine of go gr, the 
{ame extent will reach in the line of awmbers, from the lati- 
tude inlarged,vnto the diftance required. Or extend them 
from :he complement of the Rumb to the latitude inlar ed, 
the ſame excent will reach from go gr.vato the diſtance. 
For — let the place giuen be eM in the latitude of 
$5ogr. D in the latitude of 52 gr. 30m. eA M the difference 
of latitudes, and the Rumb 4 A D the fifth from the meri- 
dian. Firſt I take out eAF M the difference of latitudes, and 
meaſure it in A E one of the parallels of th& equinoiall; I 
find it to be very neare 4 gr: this is the difference of latitudes 
inlarged.Then if I extend the compalles from the (inc of 33 
r.45 m. the complement of the fifch Rumb ynto the line 
go gr. I ſhall indthe ſame extentro reach in the line of num- 
bers from 4.00 vnto 7.20. And this is thediſtance belonging 
to the chart. Wherefore I take out theſe 7 gr.20 cent, out of 
the ſcale of theparallell AF, and pricke it downe vpon the 
Rumb from eFvnto D, where it meeteth with the parallell 
of the ſecond latitude, Laſtly, I meaſure it in the meridian 
lime, ſetting one foote of the compalles as much below the 
lefler latitude asthe other aboue the greater latitude , and 
find it to be 4 gr. 50 cent; which is the ſame diſtance that L 
found before an the 5,Prop.. 
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10 By the way of the ſhip, and two angles of poſition 
to find the diſtance betweene the ſhip 
and the land, 


" Thewiy of the ny may be knowne as in the firſt Prop, 
The angles may be obſcrucd cither by the Staffe,or by a nee- 
dle ſet on the Staffe, For example,ſuppoſec that being at ef, 
I had ſight of the land ar B, the ſhip going Eaſt Northeaſt 
trom A toward C, and the angle of the ſhips poſition BAC 
being 43 gr-20 m: and atter that the ſhip had made 10 cent, 
or 2 leagues of way from A vnto D, I obſcrued againe, and 
found he ſecond angle of the ſhips poſition BDC to be 58 

gr. orthe inward angle BD A to be 122 gr, then may 1 finde 

the third angle ABD to be 14 gr.qo m.cither by ſubtraction 

or by complement vnto 180 gy. 
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In this and the like caſes, I haue a right line triangle, in 
which there is oneſide and three angles knowne, and it is 
required to findethe other two fides and the Camo for it, is 


k 2 As 


this: 


5 
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As the ſine of the angle oppolite to the knowne ide, 
*;5 to that knowne ſide? 
So the line of the angle oppoſite to the liderequired, 
isto the {ide required. 


Wherefore I extend the compalles from 14 gr.qo'm.in the 
fnes,to1o inline of numbers, and this extent doth reach 
from 58 gr.to 33 +, and ſuch is the diſtance between A and 
B, andit reacheth from 43 g7.20 #. vnto 27 inthe line of 
»amb:r:; and ſuch is the diſtance from D to B. 

Theſe two diſtances beivg knowne,I may ſet our the land 
vpon the chart . For hauing {ct downe the way of che ſhip 
from 4co D by that which I ſhewed before inthe vle of the 
meridian lme, | may by che fame reaſon ſer off the diſtance 
AB and DB, which meeting in the point B, ſhall there re- 
ſemble the land required. 
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11 Bykn1wing the diſtance between two places on the lands 
and how they beare one from the other, and having the 
anzles of poſition at th: ſhip to find the diſtance 

betyweene the ſhip and the land, 
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If it may be conuentently,letthec angle of poſition be oh- 
ſerued atſuchrime as the ſhip cometh to be right oner a- 
ainſt one of the places. Asit the places be Eaſt and Weſt, 
Reke to bring one of them South or North from you , and 
then obſerue the angle of polition: fo {hall you haue a right 
line triangle, with one fide and three angles, whereby to find | 
the rwo other ſides. Firſt you haue the angle of poſttion at 
the ſhip; then a right angle at the place that is ouer againſt” {| 
you;and rhe third angle at the other place 1srhe complement | 
to the angle of poſition. Wheretore 


As the fine of the angle of polition, 


15to the diſtance betweene the ewo places: ” 
So the coſine of the angle of polition, 


to the diſtance berweene the ſhip aud the nearer placs; 
G And 
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And ſo is the fine of 90 gr. 
to the diſtance from the ſhip to the farther place, 


So the places being 15 get. or three leagues one from 
the other,and the angle of poſition 29 gr;the nearer diſtance 
will be found about 27 cent, and the tarcher diitance about 
3I cent, 

Or howſocuer the angle of poſition were obſerued, the 
diſtance berweene the ſhip and the land may be found gene- 
rally as in this example: | 

Suppoſe A and D were two h:-ad lands knowne to be Eaſt 
Northeaſt, and ,Weſt Southweſt, 10 cere, or two leagues 
one from the other; and thac the ſhip being at B,I obſcrued 
the angle of the ſhips polition DB A, and found it to be 14 
27.40 w. and that D did beare 9 gr.3om. and 424 gr:10 m, 
trom che meridian BS, this example would be like the for- 
mer. For if the angle SBD be 9 gr.30 m. from the South co 
che Weſtward,then ſhall VD# be g gr. 30 m.trom the North 
to the Eaſtward. Take theſe 9 gr. 30 m.out of the angle ND E 
which is 67 gr. 30 mm. becaule the two head lands lie Eaft 
Northeaſt, and there will remaine 58 gr.for the angle BDE, 
and the inward angle BDA ſhall be 122 gr. Take theſe two 
angles ABD and B D A out of 189 gr. and there wil remaine 
43 21 20m tor the third angle BAD.Wheretore here allo are 
three anZles and one lide,by which I may find the two other 
fides,as in rhe lait Prop. 

Theſe propolitions thus wronghr by the Sraffe, areſuch 
as Tchought to be vicfull tor ſea-men,and chote thac are skils 
full may apply che example to many others. Thoſe that be- 
gin, and are willing to pra&tile, may bulte themiclues with 
this which followeth, 

Suppoſe ſoure ports, L, NO, P; of which L isin the lati- 
tude of 5ogr. N 15North from & 200 leagues or 1000 cen- 
teſmes; O Welt troin L 1000 cere, and Þ Welt irom N 
1000 cent: fo that L and © will be intheſame laticude 
of 5ogr. Nand P borh in the latitude of 60 g-. Then let two 
ſhips depart from L, . the one to touch ac O, che other at XV, 

| and- 
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and then both to meer at P, there to lade, and from therice 


to returne the neareſt way vnto L, Here many queſtions 
may be propoſed, 


x Whatisthe longitude of the port at O? 

2 What isthe longitude of P? And why O and Þ ſhould 
not be inthe ſame longitude? 

3 Whatis the RumbfromO vnto P? 

What is the diſtance from © vnto P? And why the 
way ſhould be more from L vnto P, going by O, then 
by N? , 

oo What is the Rumb'from P vnto L? 
6 What isthe diſtance from P vnto £? 

What is the Rumb from N vnto O? 

What is the diſtance from N vnto O? And why it 
ſhould not be the like Rumb and diſtance from N ynto 0, 
as from P vnto L? 


Theſe queſtions well conſidered, and eitherreſolued by 
the Staffe, or pricked downe on the chart, and compared 
with the globe and the common Sea-chart , will giue ſome 
lighr to the direQion of a courſe, and reduſtion of places to 
their due loffgitude , which arc now fouly diſtorted in the 
eomuMenN Sea-charts, | 


An 


97 
An Appendix concerning 


The deſcription and -vſe of an inſtrument, made 
in forme of a Croſle-bow,for the more eas 


fre finding of the latitude at Sea. 
T He former Prop. ſuppoſe the latitude to be knowne, 


I will here ſhew how it may be ealily obſerued. | 

Vpon the center 4,and ſemidiameter A B,deſcribe an ark 
ofa circle SB N, The ſame ſemidiameter will ſet of 60 gr. 
from B vnto S for the Sourh end, and other 6o gr.from B vn- 
to N forthe North end of the Bow:: ſo the whole Bow will 
containe 120gr,thethird part of a circle, Let it therefore be 
divided into ſo many degrees, and each degree ſubdiuided 
mtoſix parrs,that each part may be ten minutes: but ler the 
numbers {cr to it be 5-10, 15. vnto 90 gr, and then againe 
5-10.15.vnto 25. that 55 may fall in the middle, asin this fi- | 
gure, 


All 


The Bow being thus diuided and numbred, you may ſec 
the moneths and dayes of cach moncth vpon the _ 
| tuch 


89 The deſcription of the Bow. 
ſach ſtarres as are fic for obſeruation vpon the fide of the 
Bow. 

If you deſire to make vſe of it in North latitude, you may 
number 23 gr.30 #7. from go towards the end of the Bowe 
ar N,andthere place the tenth day of Tune, And 23 gr.z0m. 
from go roward S; and there at 66 gr.30 m. place the tenth 
day of December. Ando the reſt ot the dayes of the yeare, 
according to the declination of the Sunne atrhe tame dyes. 


The ſtarres may be placed in like maner according to their 
declinations. 


Arcturus at 21 gr.10#9, 

The Buls cye Is 42 

The Lionsheart 13 45 

The Vultures heart 7 58 | 

The little dog 6 9 from go toward the 
North end of the Bowat N, Then for Southerne ſtarres,you 
may number their declination from 99 toward the South 
endof the Bowat S. As firlt the three ſtares in Orjons gir- 


dle, 


The firſt at Og7. 37m. 
The ſecond I 28 
The third _ 


The Hydra's heart #7 5 ; 
The virgins ſpike We © 


The great dog 26 212 
The Scorpions heart 25 30 
Fomahant 31 3o And ſo the Souch 


crowne, the triangle, the clouds, the crofiers, or what other 
ſtarres you think ft for obſcruation. This I call the fore de. 
of the Bow, 

If you deſire to make vſe of it in South latitude,you may 
turne the*Bow, and diuide the backe ſide of it, and number 
it in like maner; and rhen put-on the moneths and dayes of 
the yeare, placing the nr ronadee at the South end, 
andthe tenth of June toward the middle of the Bew, and 
= reſt of the dayes according to the Sunnes declination as 

ctore. 


The 


= . Xa. xe 


The wvſe of the Bow; 2 
The chicfeft of the Northerne ſtarres may here be placed 


in like maner according to their declination, Aano 162g. 


The pole ſtarre ac 87gr. 20m, 
The firſt guard =” a 
The ſecond guard =. 
The great Beares backe 6z 45 


firſt 58 2 

In the great9 .c,nd 37 5s 
Bearescaile I ,1,j..q on | by 
The (ide of Perſeus 48 28 
The goate a 
The taile of the ſwan 44 O 
The hea of Meduſa 39 3o 


The har $ 30 
Caſtor Fn - 38 
Pollux 23 F2 
The North crowne 28 o 
TheRams head 21 40 

Arcturus ns 

The Buls eye Is 42 
The Lions heart 13 &4hS 


The Vultures heart T7 58 

Orions right ſhoulder 7 17 

Orions lefr ſhoulder 5 57 
'And ſo any other ſtarre, whoſe declination is knowne vnto 
you,which being done. The vie of this Bow may be 


x The day of the moneth being knowne, to finde 
the declination of the Sunne. 

2 The declination being giuen, to finde the 

day of the month, | 
Theſe two Prop.depend on the making of the Bow.If the 
day be knowne,looke it our in the backe of the Bow : lo the 
decl nation will appeare in che lide, Or if the dechnation 
be knowne, the day of the moneth is ſer ouer againſt it, 
As it the day ot the monerh were che ng of July; looke ”w 


CY 
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this day-in'the backe of the Bow,and you ſhall find it ouer a- 
gaink 20 g7.of North declinarion , If rhe declination giuen 


e 20 gr.to the. Southward,you ſhal find the day to be either 
the elcuenth of MNouember,or the cleuenth ot Tanuary, 


3 To find the altitude of the Sunne or ſtarres. 


Hereit is fic to-haue two running fights, which may be 
eaſily moued on the backe of the Bow. The ypperlight may 
be ſer either to 60/gr, orto 70 gr. or to 80gr, as you ſhall find 
to be moſt conuenient :the other ſight may be ſet on,to any 
place betweene the middle andtheorther end of the Bow, 
Then with the one hand holdthe center of the Bow to your 
eye,ſo as you may ſee che Sunne or ſtarre by the vpper ſight, 
and with the other hand moue che lower {ight vp.or downe 
vntill you haue brought one of the edges of it to be euen 
with the horizon: ( as when you obſerue with the Croſle- 

ſaffe:) ſo the degrees contained betweene that edge and the 
 vpper (ighr,ſhall ſhew the alcitude required. 

Thus if the vpper ſight ſhal be at 8 gr. and the lower fighe 
at 5o gr. the altitude required 15 30 gr. 


y To fizzd any North latitude, by — either the day 
of th: moneth, or the declination of the Sunne. 


As oft.as you are to obſerue in; North latitude, place borh 
the ſights on the foreſide of the Bow,the ypper light to the 
declination ot rhe Sunne, or the day of the monerh at the 
North end, and the lower fight toward the South end. Then 
when :he Sunne cometh to the meridian,turne your face to 
the South,and with the one hand hold the center of the Bow 
to your eye, ſo as you may ſee the Sunne by the vpper ſight; 
with the other hand moue the lower fight, vnrill you haue 
brought one of the edgesof it to-be euen with the horizon: 
ſo that edge of the lower (ig ht ſhall ſhew the latitude of the 
place in the fore (ide of the Bow . 

Thus being in North laticude vpon the ninth of October: 


if 


7 


in finding the luituge, + 33 
if I ſet the vpper ſight co this day, at the fore ſide and Norch 
end ot the Bow, I thall find it co talito.che Sourhward of go 
vpon'8ogr.and th: rctore at 19gr,ot Syuth declination. Then 
the Sunne coming tothe meridian, I may fer the center of 
the Bow co mine eye, as it I went to find the aleirude of the 
Sunne, holding.the North end of the Bow ypward, wich the 
vpper light berweene mine eye and the Sunne,and.mouing 
the lower light, vncull it come to be: euen with the hoxizon, 
It here the lower light hal ſtay at 5o gr. I may well-ſay, thar 
the lacitude 1550 gr. For the mer1a1an alcirude of the Sunne 
is 30 gr. by the laſt Prop. and the Sun hauing 10 gr. of Souch 
declination, the meridian alcicude of the equacor would be 
40275 and therefore che oblcruation was made zn 50 gr. of 
Norh latitude, 

By the ſame reaſon, if the lower (ide had ſtayed at 51 gr, 
20m. the latitude muſt haue been 51 gr. 309, and {0 un 


the relt. 


5 To find any North latitudeby the meridian iltitude 
of the farres ro the Southaard, 


Let theypper light be ſet tothe ſtarre, which you intend 
to obſcruc,here placed in the fore fide of the Bow. Then hold 
the North end of the Bow vpward,, and curning/your tace 
to the South,obſerue the meridian altitude as betore: ſo che 
lower light ſhall (bew che latitude of the place in the tore ide 
of che Bow. 

Thus it in obſcruing the meridian altitude. of the: great 
Dog-itarre,the lower fighc ſhall ſtay ar 5o gr. itwould ſhew 
the laticude to be 5o gr. For chis Rare being here placed, at 
7327.48 m, if we take thence 5o gr, his meridian alcirude 
would ve 23 gr. 48 m. torhis1t we adde 16 gr.12 mm. tor the 
South declunation ot this Rlarre, :ir would ſhew che meridian 
alcicude ot che equator to.be 40 grand thezelore the Jaticude 


= tO be_5O gr. | 
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- 6 To findany North latitude, by the meridian altigude 
7 of the ſtarres to the Northward. + 


- Let thevpperſight be ſet to the ſtarre which you intend 
eo obſerue, here placed on the backe fide of the Bow. Then 
hold the North end of the Bow vpward, and turning your 
face to the Norch,obſerue the altitude of the ſtarre when he 
cometh to be in the meridian and vnder the pole: ſo the 
lowerfight ſhall ſhew the altirude of the pole in the back fide 
of the Bow. 

Thus the formor guard coming to be in the meridian vn- 
der the pole, if you obſerue and find the lower (ight to ſtay 
at go gr. ſuch is the cleuation of the pole,and the latirude of 
theplace to the Northward. For the diſtance berweene the 
ewo fights will ſhew the alticude to be 35 gr.45 m. &the ſtar 
1s 14 gr.15 #7, diſtant from the North pole . Thcle two doe 
make vp 5ogr.for the elcuation of the North-pole,and there- 
fore ſuch is the'North latirude. 


7 To find any South latitwde,by knowing either the day 
of the moneth,or the declination of the Sunne. 


When you are come into South Jatirude,turne both your 
ſights to the backſide of the Bow: the vpper light to the de- 
clination of the Sun, or the day of the moneth at the South 
end, and the lower ſight toward the North end of the Bow. 
Then the Sunne coming to the meridian,turne your face to 
the North, and.holding the South end of the Bow vpward, 
obſerue the meridian alritude as before : ſo the lower ſight 
ſhall ſhew chelatitude of the. place in the backe (ide of the 
Bow. 

Thus being in-South latitude, vpon the tenth of May if 
you obſerue and finde the lower light to ſtay at 3ogr. on the 
backe (ide of the Bow, ſuch is the laticude. For the declina- 
tion is 20 gr. Northward,the altitude of the Sunne betweene 
the two ſights 40 gr. the altirude of the equator 60 end 

there- 


in finding the latitude, $5 


th crefore the laticude 3o gr. 


8 To find any South latitude, by the mrridien altitude 
of the ſtarres to the Northward. - 


Let the vo ſight be ſet to the ſtarre which you intend 
to obſeruc,here placed on the backe ſide of the Bow. Then 
hold the South end of the Bow vpward , and turning your 
face to the North, obſcrue the meridian Altitude as before : 
ſo the lowerlight ſhall ſhew che laticude of the place in the 
back ſide of the Bow, 

Thus being in South laticude,and the former guard com- 
ming to be in the meridian ouer the pole. If you obſerue 
and finde the lower fight to ſtay at 5 gr. ſuch is the laticude. 
For this ſturre 1s 14gr.15 m. from the North pole, the alti- 
rude of the ftarre berweene the two lights 9 gr.15 mw. the 
North pole depretled 5 gr. and therefore the latitude 5 gr.to 
the 5 algrevibes 


9 Toobſerne the altitude of the Sunne backward. 


Set the vpper light either to 60,0r 70,0r $0 gy. as you ſhall 
find ic to be moſt conuenicnr, -the lower light on any place 
berweene the middle and the other end of the Bow, and 
haue an horizonrall fight to beſer tothecenter. Then niay 
you rurne your backe co the Sunne,and the back of the Bow 
toward your fſelfe , looking by the lower light through the 
horizontall light,and mouing the lower ſight vp & downe, 
yntill che vpper fight doe caft a ſhadow vpon the middle of 
the horizontall fight: forthe degrees contained berweene 
che two lights on the Bow, ſhall giue the alticude- requi- 
red. | 
Thus if the vpper ſight ſhall be ar 8ogr. and the lower 
ſight at 5ogr. thealtirude required 1s zo gr. as inthe third - 


Prop. 
1. 3 ito To 
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16 To find any North Latitnde by a backe ebſeruition, 
knowing either the day of the moneth,or _, 
the declination of the Sunne. 


When you obſerue in North latitude, place your three 
Gghts on the fore ide of the Bow : the ypper ſight to the de- 
clination ofthe Sun, or the day of the moneth, at che North 
end; the lower (light toward the South end of the Bow; and 
the horizontall fight to the center. Then the Sunne coming 
eo the meridian,turne your taceto the Norch,& holding the 
North end of the Bow vpward, the Souch end downeward, 
with the back of ir toward your ſelte, obſerue the ſhadow of 
che vpper light as in the tormer Prop. ſo the lower ſight ſhall 
ſhewthe lacticude of che place in the fore fide of the Bow. 

Thus being 1n North latitude vpon the ninth of Oto= 
ber, if you obſerue and find the lower light to ſtay ag 5o gr. 
on the fore {ide ot the Bow, ſuch js the laticude. For th de- 
clination 1s 10 gr7.Southward, and the altirude of the Sunne 
berweene the two lights 3o gr. the altitude of the equator 
49gr. and therefore the Jaricude 5ogr, as in the fourth #rop. 


11 To find any South latitude by « back of ſeruation, 
knowing either tl e day of the montth,or 
the declination of the Sunne. 


When you obſerue in South latitude, place your three 
ſights on the backelide of the Bow : the vpper light to the 
declination ot the Sunne, or the day of che moneth at the 
South end; the lower light towar.| the Norch end of the 
Bow,and the horizoncall ſight to the cencer.. Then the Sun 
coming tothe meridian, turne yourtace to the South, and 
holding che South end of the Eow vpward, with.the backe 
of it toward your ſelte,obſerue the ſhadow ot the vpper light 
as betore: lo the lower ſight ſhal ſhew the latitude ot the piace 
in the back lide ot the Bow, 

Thus being in the South Jaticude vpon therenth of May, 

if 
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if you obſerue and find the lower ſight to ſtay at 30gr.on the 
backe of the Bow, ſuch is the altitude. For the declination + 
is 20 gr. Norchward,.the alticude of the Sunne berweene the 
rwo lights 40 gr. the altitude of the equator 60 gr. and there- 
fore thelaticude 30 gr.as in the feucnth Prop. | 


12 To find the day of the moneth,by knowing vbe latitude 
of the plact,and obſeruing the meridian al- 
titude of the Sunne, 


Place your three ſights according to your latitude;the ho- 
rizontall ſight to the center, the lower light to the latitude, 
and the vpper ſight among the moneths. Then when the 
Sunne cometh to the mecienolfirue the alcitude,looking 
by the lower ſight through the horizonrall,and keeping the 
lower ſight ſtill at the laticude, bur mouing the vpper light 
vntil it giue ſhadow vpon the middle ofthe hoekloneal ſight: 
ſo mn vpper light ſhall ſhew the day of the monerch requi- 
red. 
Thus in our latitude jf you ſet the lower light to 51 gr.30 
m. and obſeruing findethe altitude of che Sunne berweene 
chat and the vpper ſight to be 28 gr.zo m. this ypper ligh: 
will tall vpon a ninth of October, and the teweltrh of Fe- 
bruaric, Andit yet you doubc which of them two is the day, 
you may expett anotner meridian alticude ; and then if you 
find the vpper fight vpon the tenth ot Oftober,and the ele- 
uenth of Februarie, the queſtion will be ſoone reſolued, 


13 Tefind the detlination of any unknowne ſtarre, and 
ſo to place it onthe Bow, by knowing the latiiuae 
of the place, and obſeruing the Meridian 
aliitude of the Starre, 


When you find a ſtarrg in the Meridian that is fit for ob- - 
ſeruarion. Set the centex-afthe Bow to your eye, the lower 
fight to che latitude,and moue the vpper light yp or downe 
yncill you ſee the horizon by the lower light, and the itarre 

by 


. 
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by the vpper ſight, then will the vppcr light ſtay avehe declie 
nation and place of the ttarre, 
Thus beg 1n 20 gr, of North latitude, if you obſerue and 
find the meridian altitude ot the head of the Crofjer co be 
1497.50 wm, Tic vpper light wi lftay ar 34 gr. 5o w. and there 
may you place this {tarre.For by this oblcruatto tie diſtance of 
this ttrre from the South pole ſhould be 34 gr. 50 mv. and the 
declination trum the equator 55 gr. 10 mw. And ivf. r che relt, 


The ftarres which | mcniuvne. betore, do come ro the me- 
xidian in this order, after chefirſt point of <Lries. 


He, Ms. | 
The pole ftarre ar o 29 | The lions hart 9 48 
The rams bcad x 46 The great bea erbacke 1o 40 
The head of Meduſa 2 44 Ficltia ,r. bearcxraile 12 35 
The fid: of Perleus Ss 0 | 1 be Virgins ipike Iz 
The Buls eye. & 2s Second 1n gr, bea, taile 13 9g. 
The goate 4 49 Third 1o gr, bearestaile 213 32; 
Oriovs left ſhoulder ny ArQturus 13 58 
che firſt "os Tae tormoſt gu rd 14 $2 

Orions the lecond = The North crowne Is 19 

girdle & thethird. $5 22 ] h by dmoſt guard 15 2F 
Orioas r1ght ſLoulder 5 35 <corp10us hart 16 7 
The great dog 6 29 The -.arpe 18 24 
Caſtor 7 80 Vulurs hart Ig 33 
T he little dog 7 30 Sw 40+ rails 20 29 
Pollux 7 33% Fon.abang 33 36 
The Hydra's hare 2 


The end of the ſecond Booke, 


